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THE SUPERIOR MESENTERIC ARTERY SYNDROME 


GEORGE C. KAISER, M.D., JOHN M. McKAIN, M.D., and 
HARRIS B SHUMACKER, JR., M.D., F.A.C.S., Indianapolis, Indiana 


THE SUPERIOR mesenteric artery syndrome 
is an unusual form of high intestinal obstruc- 
tion. It was first described by Rokitansky 
about a century ago. Various methods of 
operative and nonoperative treatment have 
been discussed in the literature during the 
past 50 years. Because this condition is 
sometimes neither recognized promptly nor 
treated properly, this report is presented of 
the experiences with the operative treatment 
of such cases during the past 6 years at the 
Indiana University Medical Center and the 
associated Veterans Administration Hospi- 
tal. The nonoperative management of such 
cases will also be discussed briefly. 
MATERIAL 

Altogether 18 patients have been treated 
surgically (Tables I and IIL). ‘The majority 
were young adults, though 6 were 51 or 
more years old and 5 were 61 or more years 
of age (Table III). Ten of the 18 were males, 
4 with acute and 6 with chronic disease. Of 
the 8 females, 3 had disease of the acute type 
and 5, chronic. Four of the male patients, 
however, were from the Veterans Hospital 


From the Department of Surgery, Indiana University Medi- 
cal Center, and the Veterans Administration Hospital, Indian- 
apolis, Indiana. 

Aided by a contract between the Office of Naval Research, 
the United States Navy, and Indiana University. 


where few female patients are admitted. Six 
of those treated at the Medical Center were 
males and 8 females. 

Seven cases were of the acute type. There 
was no previous history of gastrointestinal 
complaints; all patients had been confined 
to bed because of illness, injury, or surgical 
procedure. Most of the patients had been in 
bed for weeks or months. One 81 year old 
female, however, began to vomit on the fifth 
postoperative day after resection of an ab- 
dominal aortic She failed to 
respond to a brief trial of medical manage- 
ment and was treated surgically. ‘Three of 
the remaining 6 patients were bedridden 
because of cast or traction immobilization. 
The other 3 were confined to bed because of 
poliomyelitis, chronic mental disorder, and 
debilitating systemic disease. In all of them 
nausea developed with vomiting of bile- 
stained material, and usually there was epi- 
gastric fullness or discomfort. In some, epi- 
gastric distention was evident. In others 
whose upper gastrointestinal tracts were de- 
compressed by emesis there was little to be 
detected on physical examination. Roent- 
genologic studies were usually diagnostic. 
Plain roentgenograms of the abdomen or- 
dinarily revealed gaseous distention of the 
stomach and duodenum with little or no gas 


aneurysm. 
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Fic. 1. a, Plain roentgenogram of patient 4, Table I, illustrating gaseous distention of stomach 
and duodenum and lack of gas distally. b, Roentgenogram with water-soluble contrast medium 


howing 
SOW INS 


in the more distal small intestine and colon 
Fig. 1a). When the stomach and duodenum 
were adequately decompressed or contained 
fluid without gas, the condition could not 
be readily suspected from ordinary roent- 
genologic examination. Study of the upper 
gastrointestinal tract with contrast material 
verified the diagnosis. The stomach and 
duodenum were large and the pylorus patu- 
lous. The obstruction was delineated as a 
straight line cutoff just about at the lateral 
border of the right psoas shadow in the re- 
gion of the junction of the second and third 
portions of the duodenum (Fig. 1b). Some- 
times positioning of the patient in the left 
lateral or prone position allowed some of the 
contrast medium to pass beyond the point 
Ol] Obstruction. 
In 1 case, 


abgomen reve 


plain roentgenograms of the 
-aled air in the hepatic portal 
venous system (Fig. 2). At operation, air was 
ible in the mesenteric veins, and this ob- 
was confirmed also on postmortem 


cxamination. Just how air entered the por- 


classic superior mesenteric artery obstruction of duodenum. 


tal venous system is a matter of conje: ‘ure 
There was tremendous distention ©. the 


stomach and duodenum in this 19 year old 


mentally defective patient, and the 


luminal pressure must have been great. [hie 
patient had been given 0.3 milligram o! 


prostigmine before admission to the |iospi 


tal. This may have increased the pressure in 
the distended viscera. As far as we know this 


clinical entity has not been reported be‘ore 
There were 11 patients with the chron! 
or subacute type of disease. They al 
intermittent abdominal pain or post 
dial epigastric fullness. All but 2 had inter 
mittent nausea and vomiting. ‘The vomutu 


was bile-stained and usually contained 
recently ingested food. Some patients !01ed 
relief of distress in the prone or genupe¢ (ora! 


position. None of the patients noted ac oli 
stools. In 3, gastric analysis was performed 


‘The findings were either negative, or | .ere 


was no free acid and a low total acid. ‘ 
plaints had been present for months o1 


in all except 2 patients. One was a 75 yea! 
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Fic. 2. a, b, Plain roentgenograms of patient 2, Table I, illustrating elevation of diaphragms by 
greatly distended stomach and air in portal venous system. 


old female whose abdominal pain, nausea, 
and vomiting was only of 1 week’s duration, 
and the other a 21 year old student nurse 
with symptoms of 5 days’ duration. All the 
patients were ambulatory, and all of them 
except | were thin or malnourished. ‘The 21 
vear old student nurse was well nourished 
but because of hypertension had voluntarily 
lost 20 pounds by dieting in less than 2 
months. She had a classic superior mesen- 
teric artery syndrome which did not respond 
to a trial of medical management, but im- 
proved promptly after duodenojejunostomy. 
hree patients had associated, nonspecific 
hypertrophy of retroperitoneal lymph nodes; 
2. enlarged lymph nodes of a neoplastic na- 
ture, and 1 a retroperitoneal hematoma. 
Physical and roentgenologic findings were 
‘imilar to those observed in the acute cases. 
One, a 63 year old woman, who was ad- 
mitted because during an operation per- 
ormed elsewhere the surgeon thought he 
identitied an aortic aneurysm, had normal 
upper gastrointestinal roentgenologic find- 


t 


\o 


ings and no evidence of an aneurysm. In 


view of her severe symptoms and 50 pound 
weight loss an exploratory laparotomy was 
performed, and a classic superior mesenteric 
artery syndrome was found. A duodenoje- 
junostomy was performed, and the patient 
had an uneventful recovery but is regaining 
weight very slowly. In view of the negative 
preoperative studies and the operative find- 
ings of marked distention of the stomach 
and duodenum down to the ligament of 
Treitz with collapse of the intestine distally, 
it was believed that she must have had inter- 
mittent, recurring superior mesenteric ar- 
tery obstruction. In 1 patient who had cho- 
lecystograms, the dye was visualized in the 
stomach and duodenum, and in another the 
gallbladder was still opacitied when a roent- 
genogram was made 3 days after the inges- 
tion of the dye. 

Because of failure of medical manage- 
ment to relieve symptoms, all 18 patients 
were treated by operation. One patient 
mentioned before as having roentgenologic 
evidence of a previous portal pneumoveno- 
gram appeared moribund at the time of 
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TABLE I.—DATA CONCERNING PATIENTS TREATED OPERATIVELY FOR ACUTE SUPERIOR MESEN'FRIC 
ARTERY SYNDROME 


No. 
Age, yrs. 


Sex Nutrition 


Associated Stgns and 


disease symptoms 


1 Cachectic Undiagnosed Abdominal pain, 


8 myopathy nausea and vomiting 
M 16 days 

2 Emaciated Mentally Tympanites. 0.3 mgm. 
19 defective prostigmine prior 

F to transfer 


3 30 1b. weight Fracture of Vomiting first day 


20 loss acetabulum and after body cast 
M femur dislocation — applied. (Traction 
treated by trac- for prior month.) 
tion and cast Severe electrolyte 
disturbance. Shock 
and azotemia 
4 40 lb. Poliomyelitis. Nausea and vomiting 
20 weight Supine 3 months; intermittently 2% 
F loss in bed and res- months, acutely 
pirator 4 days 
5 Thin Traumatic arthri- Nausea and vomiting 
25 tis of hip. intermittently 5 wks. 
M Treated with hip —_ Severe electrolyte 


spica for 2% imbalance 
months 
Vomiting and large 


6 Emaciated Schizophrenia; hip 


67 spica for frac- amount of gastric 
M tured femur suction 4 days 
10 weeks 
7 Moderately Resection of ab- Vomiting 5th postoper- 
81 well dominal aortic ative day. Distended 
F nourished aneurysm and tympanitic 


admission and expired shortly after the ab- 
dominal incision was made. ‘The others were 
treated by side-to-side anastomosis of the je- 
junum to the dilated duodenum. ‘The anas- 
tomosis was performed by bringing the je- 
junum up to the duodenum through an in- 
cision in the mesocolon to the right of the 
middle colic artery. After completion of the 
anastomosis the incision in the mesocolon 
was sutured to the duodenum about the 
anastomotic site. Three patients, though re- 
lieved of symptoms, died of intercurrent or 
underlying disease. One patient expired a 
month after operation of advanced pul- 
monary fibrosis and bronchopneumonia, 
and 2 died of cancer 11 days and 7 weeks 
postoperatively. ‘The remaining 14 patients 
survived and had complete relief of their 
symptoms. 


Duodeno- 
Jejunos- 
Roentgenology tomy Comments 
Gastric and duodenal reten- Yes Duodenojejunostomy rked 
tion. Dilated duodenum well. Expired a mo: fter 
operation from pu nary 


fibrosis and bronc! 
pneumonia 


Gastric and duodenal dis- No 
tention causing marked 
diaphragmatic elevation. 

No gas beyond duodenum. 
Air in portal venous system 


Expired at operation  \ir in 
hepatic portal veir 
radicals at operatio ind 
postmortem 


Gastric and duodenal dilata- Yes Recovered 
tion with patulous pylorous 

and obstruction at third 

portion of duodenum, 

Marked duodenal churning 

and reverse peristalsis at 

fluoroscopy 


Gastric and duodenal dilata- Yes Recovered 
tion. Obstruction third por- 


tion of duodenum 


Gastric and duodenal dilata- Yes Recovered 
tion and retention of 


barium for 5+ hours 


° 


Gastric and duodenal dilatas Yes Recovered 


tion and retention of barium 
for 7 hours 


Gastric and duodenal dilata- Yes Recovered 


tion. Obstruction of duo- 
denum at third portion. 
Churning of duodenal con- 
tents at fluoroscopy 


DISCUSSION 

Survey of these operatively treated pa- 
tients illustrates the typical features of this 
disease. It takes two different forms. [he 
acute form occurs without a previous |iis- 
tory of gastrointestinal symptoms and is 
usually precipitated by a somewhat pro- 
longed period of immobilization necessi- 
tated by unrelated disease, injury, or oper- 
ation. It is especially likely to occur whien 
the patient is forced to lie supine most o! the 
time. The patients become nauseated, com- 
plain of abdominal distress and distention, 
and vomit. The subacute or chronic form 
tends to occur in tall, slender, or uncder- 
nourished individuals. They complain pcri- 
odically of flatulence, postprandial epi:as- 
tric fullness, and vomiting of bile-stained 
material usually containing recently ¢. (en 
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TABL!I 


No. 
Age, 
Sex 
1 
11 
M 
16 


M 


18 


M 


»8 
M 


39 


lood. Occasionally the stools may be acholic, 
though this finding was not present in any of 
these patients. Some obtain relief by lying 
prone or assuming the knee-chest position. 
When examination is carried out in patients 


relion 


i iated 


M.oderately 
ell 


vurished 


Malnour- 
hed; 60 
», wt. 


loss 


35 lb. wt. 
loss. Thin 


35 Ib. wt. 


loss 


Chronically 
ill 


50 Ib. wt. 
loss, 


8 mos. 


Thin 


Emaciated 


Associated 
disease 
Mesenteric 
lymphad- 
enopathy 


Malignant 
lymphoma 


Gastrojejunos- 
tomy for duo- 
denal ob- 
struction 


20 lb. weight 
loss in 2 mos. 
due to hyper- 
tension 


Malaria 


Diabetes 
mellitus 


Schizophrenia 


Tabes dorsalis, 
pyelonephri- 
tis 


Atherosclerosis 


Arteriosclerotic 
heart disease 


Carcinomatosis 
from uterine 
cervix 
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ARTERY SYNDROME 


Signs and Symptoms, 
laboratory data 


Nausea, vomiting, and 
abdominal pain 


Abdominal pain 5 
weeks. Vomiting 


2 days 


Abdominal pain, post- 
prandial fullness 214 
months, unrelieved 
by gastrojejunostomy 


Epigastric pain, nausea 
and vomiting post- 
prandial, 5 days 


Nausea, vomiting, ab- 
dominal pain and 
postprandial fullness 
intermittently 18 
months 

Anorexia 8 months, ab- 
dominal pain 2 

months, nausea 

and vomiting 6 days. 

Gastric analysis— 

normal free and 

total acid 


Nausea and vomiting 
intermittently 6 yrs. 
Postprandial fullness 
3 months. Gastric 
analysis normal 


Abdominal pain, vom- 
iting 5 days. Inter- 
mittent vomiting 10 
yrs. Gastric analysis 
—no free acid, low 
total acid 


Abdominal pain, 1 yr. 


Postprandial 
fullness 


Abdominal pain, 


nausea and vomiting 


1 week 


Abdominal distention 


6 months. Vomiting 
and postprandial 
fullness 3 weeks 


Duodeno- 
jejunos- Contributing 


Roentgenolog y 


Duodenal obstruction 
3rd portion 


Gastric and duodenal 
dilatation and reten- 
tion. Obstruction at 
third portion 
duodenum 


Gastric and duodenal 
dilatation and reten- 
tion 5% hrs. Gastro- 
jejunostomy func- 
tioned with patient 
prone 


Dilatation of duodenum 
with obstruction at 
third portion 


Duodenal obstruction 
third portion. Opac- 
ification of gallblad- 
der 3 days after dye 
ingestion 


Gastric and duodenal 
dilatation with reten- 
tion at 6 hrs. Ob- 
struction third por- 
tion duodenum. Pro- 
longed retention gall- 
bladder dye in 
stomach 


Obstruction third por- 
tion duodenum. Gas- 
tric retention 2 hrs. 
Reverse duodenal 
peristalsis 

Gastric and duodenal 
dilatation and reten- 
tion of barium 
6 hours 


Normal roentgeno- 
grams 


None 
Gastric and duodenal 


dilatation and reten- 
tion at 2% hrs. 


tomy 
Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


fac tor 
Mesenteric 

lymphad- 

enopathy 


Retroper- 
itoneal 
malignant 
lymphoma 


Retroper- 
itoneal 
hematoma 


Mesenteric 
lymphad- 
enopathy 


Mesenteric 
lymphad- 
enopathy 


Retroper- 
itoneal 
lymphad- 
enopathy 
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1.—DATA CONCERNING PATIENTS TREATED OPERATIVELY FOR SUBACUTE SUPERIOR MESENTERY 


Comments 


Recovered 


Anastomosis func- 
tioned well. Expired 
7th postoperative 
week from lym- 
phoma 

Recovered. Gastroje- 
junostomy taken 
down when duode- 
nojejunostomy was 
performed 


Recovered 


Recovered 


Recov ered 


Rex overed 


Recovered. Expired 1 
year postoperatively 
of progressive renal 


disease 


Improved 


Recovered 


Expired 11th postop- 
erative day of car- 
cinomatosis and 


ureteral obstruction 


whose stomachs have not been decompress- 
ed by emesis or nasogastric suction, gastric 
distention may be evident. Otherwise noth- 
ing specific is noted. The diagnosis can often 
be suspected from plain roentgenograms of 
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TABLE HII.—AGE DISTRIBUTION IN PATIENTS 
TREATED OPERATIVELY FOR THE SUPERIOR 
MESENTERIC ARTERY SYNDROME 


Age, yrs. Acute Chronic Total 
0-10 1 1 
11-20 3 3 6 
21-30 1 3 4 
31-40 1 1 
41-50 — 
51-60 1 1 
61+ 2 5 5 
Total k 4 11 18 


the abdomen which may show gaseous dis- 
tention of the stomach and duodenum with 
little or no gas beyond the point of obstruc- 
tion. Roentgenograms are of less help when 
the stomach is distended with fluid alone or 
when the stomach and duodenum have 
been emptied by aspiration or vomiting. 
The diagnosis can almost always be estab- 
lished by roentgenologic study with con- 
trast medium. The stomach and duodenum 
are large, the pylorus patulous. The obstruc- 
tion is seen as a more or less straight line 
shutoff of the duodenum along the lateral 
border of the right psoas shadow. Fluoro- 
scopically reverse peristalsis and churning of 
duodenal contents may be noted. Some- 
times the contrast material will pass beyond 
the area of obstruction, especially if the pa- 
tient assumes the left lateral or prone posi- 
tion. 

Cholecystography may indirectly lead 
one to suspect some type of duodenal ob- 
struction if the dye opacifies the stomach 
and duodenum or if the gallbladder reopaci- 
fies over a period of days. In 2 of the pa- 
tients in this series such findings were noted. 

Peptic ulcer 1s said to be a frequent con- 
comitant disease but was present in none of 
our patients. Gastric analyses have been re- 
ported by Bockus in his series of cases, but no 
correlation was noted between these obser- 
vations and symptoms present. Acidity was 
not as high as that found in patients with 
duodenal ulcer. In the few cases of ours so 
studied, gastric analysis revealed either nor- 
mal findings or lack of free and low total 
acid. Very likely these findings may be the 
result of the bile regurgitation into the 
stomach. 


Medical management may be successful, 
especially in the acute cases. Nasoga:tric 
suction should be instituted and intrave: ous 
fluids given to maintain water and ele: tro- 
lyte balance or to correct any imbal ince 
present. In 2 of the acute cases, marked cis- 
turbance of the electrolyte and water al- 
ance was present at the time the diag) osis 
was made; such changes were not preset in 
the chronic cases. If the patient has | cen 
bedridden he should be ambulated if tis is 
feasible. If not, placing him in the left la -ral 
or prone position may be helpful. Afi-r a 
period of thorough gastroduodenal de: om- 
pression, oral intake may be tried proy ded 
the volume of aspirate suggests that th: ob- 
struction has been relieved. During the 
period covered by our survey a numlbvr of 
patients have responded to such me: ical 
treatment well, and operation has not | cen 
required. Such a response is illustrated vy 2 
recent experiences. One 22 year old male, 
who sustained multiple fractures of the pel- 
vis and lower extremities necessitating im- 
mobilization in traction and cast, lay i: the 
supine position for 2 months. At the onsct of 
symptoms the diagnosis was quickly esiab- 
lished, and nasogastric suction and intr.ve- 
nous fluid therapy were instituted. He was 
placed in the left lateral position, the ob- 
struction was promptly relieved, and [re- 
quent small, high caloric oral feedings were 
started. After each meal he was placed in 
the left lateral position. His recovery was 
entirely uneventful. A poorly nourished 32 
year old female patient had required oper- 
ative resection of various portions of the 
small intestine for regional enteritis on sev- 
eral occasions. During convalescence from 
the last operation the classic superior mesen- 
teric artery syndrome developed. After ini- 
tial treatment with nasogastric suction and 
intravenous fluids, the obstruction was re- 
lieved and she was able to eat without cif_i- 
culty provided she assumed the knee-c!iest 
position after each meal. On 1 occasion 
when this was impossible because she was 
receiving a blood transfusion, symptoms 
promptly reappeared and then disappeared 
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as soon as the regimen was reinstituted. As 
her convalescence continued and she was 
able to become ambulatory, she was able 
to e..t without difficulty. Initial success with 
medical management does not invariably 
bri about permanent cure, however. One 
of te patients who was treated by opera- 
tion had responded well to medical manage- 
me: t and had had complete relief of symp- 
toms for a period of 5 weeks only to have 
the: recur. 

When medical management fails, surgical 
intervention is indicated. Numerous meth- 
ods have been proposed. In 1907, Bloodgood 
reported several cases treated surgically. In 
one a Finney pyloroplasty was performed 
witli rather disastrous results. Such a proce- 
dure is unnecessary because the pylorus is 
patulous in these cases and ineffectual be- 
cause the obstruction is distal. In surveying 
the literature of the 1920’s concerning so- 
called visceroptosis, one is impressed with 
the likelihood that some of the patients 
treated by visceropexy did, in fact, have 
superior mesenteric artery obstruction, but 
not nearly as many as were reported as 
having this condition. In 1929, Delbert ad- 
vocated multiple anastomoses which he 
termed gastropyloroduodenoenterostomy. 
Gastroenterostomy has been carried out 
with and without gastrectomy. Even though 
in the relatively recent literature there are 
several reports of relief of symptoms by this 
procedure, it would certainly not appear to 
be the treatment of choice since drainage 
can only be accomplished by retrograde re- 
flux of duodenal contents into the stomach. 
One of our patients (Case 8, Table II) had 
been treated elsewhere by a gastrojejunos- 
tomy without relief of symptoms. The gastro- 


jejunostomy was closed, a duodenojejunosto- 


my performed, and the patient had com- 
plete relief of symptoms. It is our conviction 
that duodenojejunostomy is the best treat- 
ment not only for the superior mesenteric 


artery syndrome but also for other types of 


benign duodenal obstruction, such as duo- 
denal atresia, duodenal stenosis, and annu- 
lar pancreas. This anastomosis can easily be 


performed under local anesthesia which 
may be advantageous in a critically ill 
patient. 

Duodenojejunostomy was first suggested 
as the best method of treatment for the 
superior mesenteric artery syndrome by 
Barker in 1906 and a year later by Blood- 
good. It was apparently first performed in 
1907 by Stavely. This procedure has sub- 
sequently been the most universally used 
surgical technique and has met with the 
greatest success and a minimum of compli- 
cations. 

The causative factors for the production 
of this syndrome are evident from certain 
anatomic considerations. The third portion 
of the duodenum is the most fixed part of 
the gastrointestinal tract, being attached to 
the dorsal wall of the abdominal cavity by 
peritoneum and having no true mesentery. 
The distal portion is fixed by the ligament 
of Treitz. It overrides the third lumbar 
vertebra and abdominal aorta which is 
directly dorsal to it. The junction of the 
second and third portions is fixed ventrally 
by the mesentery of the small intestine 
carrying the nutrient vessels and nerves. 
During embryonic rotation of the colon the 
mesentery and vessels of the midgut are 
positioned snugly against the duodenum. 
It is the angle formed by the mesentery and 
the included mesenteric vessels, on the 
one hand, and the aorta, on the other, 
which determines whether or not obstruc- 
tion occurs at this point. The more acute 
the angle the more likely obstruction is to 
occur. 

Codman in 1908 was the first to stress 
the change from the quadriped to the biped 
posture in man as an aggravating factor. 
The erect position leads to a more acute 
angle by traction downward and dorsally 
on the mesentery and its contents. Any 
abdominal’ constriction such as a corset 
might conceivably aggravate the situation. 
In a like manner, any position which in- 
creases the lumbar lordosis such as intrinsic 
vertebral column disease will decrease the 
arteriomesenteric angle. More recently, this 
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syndrome has been reported by Kauffman 
and Gerbode to occur secondarily to appli- 
cation of a body spica and the increased 
lumbar lordosis produced by hyperexten- 
sion. 

Any chronic disease which necessitates 
prolonged bed rest in the supine position 
contributes to the likelihood of development 
of duodenal obstruction. It is not infre- 
quently noted in patients being treated for 
poliomyelitis and in mentally diseased or 
deficient patients who lie in the supine posi- 
tion for a prolonged period. The absence of 
mesenteric fat is said to increase the acute- 
ness of the arteriomesenteric angle. Simi- 
larly, the presence of any mass in this area 
makes obstruction more likely, for example, 
abdominal lymphadenopathy and mesen- 
teric hematoma. 

It has been recently suggested that divi- 
sion of the ligament of Treitz and freeing 
the distal portion of the duodenum may 
bring about relief of symptoms. This is a 
proposal which deserves further trial. If 
obstruction cannot be adequately relieved 
in this fashion, it should be bypassed by 
duodenojejunostomy. 
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SUMMARY 


The physiopathology, clinical sympt: 
and characteristic features of the sup: 
mesenteric artery syndrome have been 
viewed. Some patients, particularly t 
having the acute type of obstruction, 
spond to a medical regimen. In case 
which nonoperative management is 
effective, operative intervention is indica 
Experiences with the treatment of pati 
by duodenojejunostomy have been 
sented. In general the results were excell 
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COMPLICATIONS OF BILIARY TRACT SURGERY 


FRANK GLENN, M.D., F.A.C.S., New York. New York 


As 1)\£ MORBIDITY of complications and the 
mor!ility rate are decreased after opera- 
tions. surgical therapy not only becomes 
safer but it becomes easier from the patient’s 
view point. Operations upon the biliary tract 
are  nong those most frequently performed 
throighout the United States. Complica- 
tions may be divided into two main groups. 
In the first may be placed those that are 
mos! common and may be anticipated and 
in the second those that are less frequent 
and not as predictable. In the former group 
are placed complications that are associated 
with inadequate preoperative preparation, 
the technique of operation, or some systemic 
condition unrelated to the disease of the bili- 
ary tract. The latter and smaller category 
includes those that are difficult to anticipate 
in any given patient but are nevertheless 
recognized as possible because they have 
been known to occur in any sizable series 
upon which meticulous records have been 
kept. 

Many of those complications that may be 
anticipated can be prevented. Precision and 
accuracy in diagnosis and preoperative prep- 
aration, attention to detail, and meticulous- 


ness in surgical technique in performance of 


the operation, and close observation with 
well defined steps in management in the 
early postoperative period offer an opportu- 
nity to reduce them materially. To accept 


an incidence of complications and a rate of 


mortality that are but an average for re- 
ported series is to be satisfied with a status 
quo and to disregard progress. 

A large proportion of the complications 
that follow biliary tract surgery are associ- 


ated with alterations in normal function of 


the structures or parts involved as the result 
of either disease or the surgery performed. 


From the Department of Surgery, The New York Hospital— 
Cornell Medical Center, New York. 
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The interruption of the normal flow of blood 
or bile in their regular channels so that they 
are diverted into the operative area accounts 
for the most frequent complication, subhe- 
patic accumulation. In addition, hemor- 
rhage may occur because of a vitamin K 
deficiency, bile may escape to the exterior 
through a fistula, or jaundice may develop 
from an obstruction in the common duct. 
Thus the complications are as numerous and 
varied as the factors that cause them. Drain- 
age tubes, for example, that are used to 
maintain decompression of the common duct 
may become dislocated, obstructed, or so 
difficult to remove that they are a cause of 
complications. Beyond the area of the surgi- 
cal procedure lurk causes of complications 
that are to be kept in mind, such as vari- 
cosities that may be the origin of emboli or 
a narrowed coronary vessel that the burden 
of an operation may cause to occlude. The 
possible complications and the mortality rate 
following biliary tract surgery have been 
steadily reduced as this type of therapy has 
been extended. 


SUBHEPATIC ACCUMULATION 


A subhepatic periductal accumulation of 
material is the most frequent complication 
following operations upon the biliary tract 
(Fig. 1). This material consists of blood, bile, 
lymph, and peritoneal fluid. The hemor- 
rhage stems from the blood vessels that have 
been injured or divided in the course of the 
operation. The liver, and specifically that 
portion to which the gallbladder is adherent, 
is frequently lacerated and injured. Bile is 
derived from the extrahepatic ductal system 
or the liver. The small bile ducts that enter 
the gallbladder directly from the liver and 
those that are prominent near the gallblad- 
der site may be inadvertently opened during 
cholecystectomy. Lymph channels are rarely 
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Fic. 1. M. L., female, aged 50 years. Sixteen days after cholecystectomy performed in another 
hospital for cholecystitis and cholelithiasis, this patient was admitted to The New York Hospital 
because of abdominal pain, nausea, vomiting, jaundice, and dark urine. She was reoperated upon 
and a large subhepatic accumulation of 5,000 cubic centimeters of bile-containing material was 
evacuated. This was due to an injury to the common bile duct. After repair of the injury the pa- 
tient recovered. a, Roentgenogram (anteroposterior view) and line drawing of subhepatic accumula- 
tion with marked elevation of the diaphragm. b, Lateral view. 
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Fic. 1. c, Roentgenogram and line drawing showing displacement of the stomach to the left 
by subhepatic accumulation. 


grossly visible at operation, but they are 
luxuriant in the area about the gallbladder. 
The irritative reaction to blood, lymph, and 
bile may cause an increase in the permeabil- 
ity of the peritoneum, resulting in an escape 
of plasma. If bacteria are present in addi- 
tion, this response may be more marked. 
The effects of all of these factors in contribut- 
ing to the accumulation will vary with their 
degree. If only small amounts of blood, bile, 
and lymph are present and there is little or 
no bacterial growth, the peritoneum will 
absorb and remove them efficiently. If, on 
the other hand, one or all are present in 


large quantities and evoke an outpouring of 


plasma rather than an absorption of these 
substances, then the amount of accumula- 
tion increases. 

It is a common practice to place a drain 
of some kind in the subhepatic area and to 
have it extend through the abdominal wall 
to facilitate the evacuation of such accumu- 
lations. For many reasons these drains not 


infrequently fail to fulfill their intended func- 
tion. They may not be properly placed or 
they may be dislocated. Sometimes they 
evoke an increased foreign body reaction on 
the part of the peritoneum, thus leading to 
a further sealing off of a localized accumula- 
tion. In still other instances, the drain may 
be removed before the accumulation devel- 
ops to any significant size. In any event, a 
subhepatic accumulation frequently takes 
place. If it persists or increases to an impor- 
tant degree, there is discomfort and pain in 
the right upper quadrant, an elevation of 
temperature, and a leucocytosis. ‘There is 
then a localized peritonitis. At any stage in 
its process the accumulation may regress or 
establish escape of its contents externally, or 
extend to involve the subdiaphragmatic area 
or even spread into the abdominal cavity. 
A severe reaction of the tissues near the 
origin of this accumulation may result in 
obstruction of the common duct or reflex 
spasm of the sphincter of Oddi. If the bacte- 
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rial content of the bile is high and there is 
also a cholangitis, then the systemic mani- 
festations may be marked. 

Some degree of subhepatic accumulation 
occurs in the majority of patients subjected 
to operations upon the biliary tract. It is a 
matter of extent that determines whether or 
not it becomes clinically significant. In my 
opinion it reaches these proportions in 7 to 
10 per cent or more of patients operated 
upon. It has been the most frequent compli- 
cation to be diagnosed in the experience at 
The New York Hospital, and the most fre- 
quent cause leading to requests for my con- 
sultation elsewhere following biliary tract 
surgery. 

Its prevention is dependent upon careful 
surgical technique and the maintenance of 
drainage of the subhepatic area for 3 to 4 
days or more after operation. When an accu- 
mulation is sufficiently extensive to make 
diagnosis certain, surgical drainage should 
be seriously considered. 


HEMORRHAGE 


It is an old adage that hemorrhage is one - 


of the impértant hazards of surgery. Opera- 
tions upon the biliary tract are no exception 
to this statement. An analysis of the compli- 
cations following surgical therapy for biliary 
tract disease as reported in any sizable clini- 
cal series reveals that hemorrhage continues 
to contribute materially to the morbidity 
rate. The recognition of hemorrhage after 
operations upon the biliary tract depends 
upon the same systemic manifestations that 
are associated with hemorrhage from any 
other area. There is an increase in pulse rate 
and a fall in blood pressure. The patient is 
often apprehensive and thirsty and may ex- 
hibit air hunger. The relief of these manifes- 
tations by blood replacement should be a 
confirmation of the diagnosis whether hem- 
orrhage has been continuous since operation 
or began later. Bleeding in the immediate 
postoperative period may result from other 
sources such as a duodenal ulcer or diver- 
ticulitis, but this is rare. 

The more common sources of hemorrhage 


associated with biliary tract surgery include 
the cystic artery, anomalous branches of the 
hepatic and right hepatic arteries, the gi\ll- 
bladder bed, the liver, and the vessels of ‘he 
common duct and of the abdominal wal. 
An occasional hemorrhage has been repori-d 
from injury to the inferior vena cava. He n- 
orrhage sufficient to require blood repla: e- 
ment is an indication for immediate reope: a- 
tion and search for the source of blood loss. 
There are two reasons for this approa: h, 
First, the hemorrhage may continue or rec ur 
and exsanguination may result in dea h. 
Second, blood in such amounts is not read ly 
absorbed by the peritoneum, and if it is 
mixed with bile that contains organism: a 
subhepatic or subphrenic abscess may follo y. 
This complication may be prevented »y 
carefully identifying all blood vessels before 
division, and then securing them by ligature 
or transfixing suture. There are so maiy 
variations in the blood vessels in the su)- 
hepatic area and in their relation to the bi i- 
ary tract that it is hazardous to divide aiy 
structure that is not identified. Furthermore 
divided structures should be meticulous!y 
occluded to prevent escape of the fluid they 
may contain, be it blood, bile, or lymph. 


Although the more frequent sources of 


hemorrhage are the cystic artery, anomalous 
branches of the hepatic artery, vessels within 
the wall of the common bile duct, and 
aberrant vessels that reach the gallbladder 
through the bed of the liver, it may also re- 
sult from injury to the liver by incision or 
laceration as the surgeon removes the gall- 
bladder. Such bleeding may be noted at 
operation, and though it usually subsides 
rather quickly, it may begin again within 
a matter of hours when bile causes the clot 
to separate from the liver surface. 
Hemorrhage due to vitamin fh deficiency. Pa- 
tients with jaundice usually have an in- 
creased tendency to hemorrhage. If the de- 
gree of icterus is great and of long-standing, 
this may be marked. ‘The clotting and bleed- 
ing times of these individuals are usually 
normal, but the clot retracts poorly and is 
fragile. Such clots do not seal the open en! 
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of tie divided vessels and there is oozing. 
Flu: (uations of the blood pressure may result 
in complete dislodgment of the partially oc- 
cluding clots, and any vessel not carefully 
liga ed may bleed actively. 

‘| ie parenteral administration of vitamin 
K ‘o jaundiced patients assures control of 
the tendency to increased bleeding caused 
by reduced prothrombin, as long as their 
live: function remains good. Since it was 
genrally accepted in 1936 vitamin K ther- 
apy has been so effectual in patients with 


jauidice with a hemorrhagic tendency that 


the ‘atalities attributable to this have almost 
conipletely disappeared. 

All patients being considered for operation 
upon the biliary tract should have careful 
measurements of their prothrombin, and if 
it is lowered vitamin K should be given. If 
the administration of vitamin K does not 
result in a satisfactory elevation of the pro- 
thrombin, operation should be postponed. 
At present we recommend that patients with 
a prothrombin level of 20 per cent below 
normal be given vitamin K parenterally. 
There should be a rapid response, and if this 
does not occur, the extent of liver damage 
is probably so extensive that surgery will 
not be well tolerated. 

BILE PERITONITIS 

The escape of bile into the peritoneal cav- 
ity from the common duct, the cystic duct 
remnant, small radicles extending directly 
from the liver to the gallbladder, and breaks 
in the continuity of liver substance results in 
a peritonitis. If the rate of escape is slow, 
there is a strong likelihood that the reaction 
to bile of the omentum and the peritoneal 
surface of the viscera adjacent to the area of 
operation will prevent its escape into the 
remainder of the abdomen. ‘Thus a localized 
accumulation of bile may occur. The greater 
the area of peritoneal surface that comes into 
contact with bile the greater is the effect 
likely to be. The local accumulation of the 
bile by walling off of an area by the omen- 
tum and adjacent viscera is a response of the 
body to keep this hazard at a minimum. 


Free bile in large amounts within the peri- 
toneal cavity may cause a fall in blood pres- 
sure and the clinical manifestations of shock, 
and may terminate in death. While this is 
the result most to be feared, large quantities 
of bile may also escape into the peritoneal 
cavity causing marked abdominal distention 
but little evidence of peritoneal irritation 
and no changes in blood pressure. Clinicians 
have been perplexed by the fact that these 
two situations may occur from comparable 
amounts of bile liberated into the peritoneal 
cavity. Much study and research have been 
directed at the solution of this problem. No 
one explanation seems to account for the 
various effects that free bile in the peritoneal 
cavity can produce. In some instances, as 
bile escapes into the abdomen, the patient 
appears to become more and more restless 
and uncomfortable. Pain, generalized over 
the abdomen, is frequent. ‘The temperature 
becomes elevated. The pulse may become 
rapid or slow, but the blood pressure falls. 
It is believed that this picture of shock re- 
sults because bile increases the permeability 
of the peritoneum, thus permitting the rapid 
escape of plasma with a reduction of the 
circulating volume. When this continues, 
death from shock may result. The time lapse 
between the beginning of liberation of bile 
into the abdomen and the appearance of 
shock varies greatly; in some it is a matter 
of hours, and in others it may extend over 
a period of from 7 to 10 days. It is generally 
agreed that infection, or even the presence 
of bacteria, may accelerate this course of 
events. On the other hand there are instances 
in which accumulations within the abdomen 
of bile in amounts up to 6,000 to 8,000 cubic 
centimeters appear to be innocuous and pro- 
duce only those symptoms that are attributed 
to abdominal distention by fluid. Analysis 
of bile removed from the abdominal cavity 
has not revealed any consistent difference 
between that removed from the moribund 
patient and that removed from one with few 
symptoms. Bile salts, bile acid content, and 
the bacteria present have been studied with 
considerable care. Why some patients toler- 
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ate bile within the abdomen and others do 
not has yet to be clarified. 

Treatment of bile peritonitis is dependent 
upon the reaction that results. Shock is best 
treated by replacement of reduced circulat- 
ing volume. At operation, it is essential to 
remove the bile that has accumulated in the 
abdomen and to divert its flow to the exte- 
rior if it cannot be channeled into the in- 
testinal tract. 


BILIARY FISTULA 

When bile escapes from its normal course, 
it either accumulates near its source, spreads 
over the peritoneum, or reaches the ex- 
terior, usually by means of a drain. If the 
local accumulation persists and increases, 
then it may form a tract to the exterior. 
When bile is free in the peritoneal cavity, 
operation may reveal its source and correct 
the condition by redirecting its flow into the 
intestine or diverting it to the exterior. In 
all 3 instances, however, a biliary fistula 
may result. This complication may be bur- 
densome to manage and difficult to correct, 
but it reduces the seriousness of the situa- 
tion by replacing a condition associated 
with a high mortality rate by another with 
a much lower mortality rate. 

An external biliary fistula that develops 
after an operation upon the biliary tract is 
the result of an interruption of the flow of 
bile through its normal path from the liver 
to the duodenum. It may occur after any 
operation upon the biliary tract, and the 
cause may be the nature or extent of the 
biliary tract disease, or distortion or injury 
resulting from the surgical procedure. 

Fistula after cholecystectomy means ob- 
struction distal to the cystic duct, in most 
instances, usually by stone or scar. The 
diagnosis and exact location of the obstruc- 
tion are established by: (1) injection of 
radiopaque material into sinus opening; 
(2) intravenous cholangiography; (3) gas- 
trointestinal series. Direct treatment con- 
sists of removal or correction of the cause. 

Biliary fistulas are frequent after chole- 
cystostomy. In the majority of instances the 


abdominal wound which is the site of the 
tube draining the gallbladder closes a {ow 
days after the latter is removed. Wit) in 
days or weeks the site reopens and bile and 
mucus are discharged. In 50 per cent of 
patients, gallstones re-form within 2 ye.irs 
after the gallbladder has been evacua «d 
of stones and drained by cholecystosto::\y, 
It is probable that stones in the gallblac!: er 
act as ball-valves and obstruct the retiirn 
flow of bile into the common duct. Chi \e- 
cystectomy should be done within a pe: od 
of 6 months after a cholecystostomy to } e- 
vent this complication. Cholecystectom\ is, 
of course, indicated when biliary fist: as 
follow cholecystostomy. 

Cholecystectomy is by far the most | e- 
quently performed operation upon ie 
biliary tract. Biliary fistulas that follow \ is 
procedure are usually the result of obstr \c- 
tion to the flow of bile distal to the cy~ ic 
duct junction with the common duct. ¢ .il- 
culi, neoplasm, and scarring within the « is- 
tal segment may cause obstruction that ‘e- 
sults in a rupture of the occluded cysiic 
duct remnant with the escape of bile throush 
a fistula to the exterior. Actually the coin- 
mon causes of obstructive jaundice follow- 
ing cholecystectomy may result in a fistula 
if the integrity of the wall of the obstrucicd 
duct is lost. Thus an obstructive jaundice 
may precede the formation of a_ biliary 
fistula. The amount of bile that escapes from 
the fistula in the now jaundiced patient is 
an indication of the degree of obstruction 
or distortion of the normal path. 

When the gallbladder or any significant 
amount of its mucosal lining is not removed, 
a fistula that discharges mucus or mucus and 
bile may develop. It is not unusual to 
operate upon patients who give a history 
of having had a cholecystectomy for chole- 
cystitis and cholelithiasis and to find a 
fistulous tract leading from the abdominal 
wall to a remnant of the gallbladder, usually 
the ampullary portion, which contains c:l- 
careous material. Such patients become 
symptom-free after removal of the remnant 
of the gallbladder and its cystic duct down 
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to within 3 millimeters of its true junction 
with ‘ie common duct. 

Carcinoma of the common duct may be 
the c:use of a biliary fistula following the 
remo. al of a gallbladder and exploration of 
the common duct for a mild or intermittent 
jauncice and symptoms compatible with 
biliar\’ tract disease. Calculi may or may not 
be present in the gallbladder. Exploration 
of the common duct does not reveal an 
evident cause but the obstruction is not 
then complete. However, as the carcinoma 
ero\\s obstruction increases. 
~ The establishment of a biliary fistula soon 
after an operation upon the biliary tract 
is always a cause for grave concern. The 
greatcr the amount and proportion of bile 
that is lost through it, the more serious is its 
import. It is an indication that an opening 
has been produced in the ductal system and 
that there is probably obstruction distal to 
the defect. Jaundice preceding the discharge 
of bile usually indicates occlusion and possi- 
ble interruption of the common duct. If 
there has been no preceding jaundice, the 
discharge of bile is more likely to be the 
result of an unligated cystic duct or a defect 
in the wall of the common duct due to 
operative injury. Division of small bile 
ducts leading from the liver to the ampulla 
of the gallbladder may give rise to the 
formation of a subhepatic accumulation of 
bile and then a fistula. The amount of bile 
usually decreases gradually over a matter 
of 10 to 20 days and the fistula closes. Injury 
to the intrahepatic ducts either in the area 
of the gallbladder bed by too deep dis- 
section, or elsewhere within the operative 
field by improper retraction may also lead 
to the formation of bile fistulas. These, too, 
are usually of short duration and require 
no surgical interference other than the main- 
tenance of free drainage until the escape of 
the bile ceases. 

After the transduodenal approach for 
Operative procedures upon the ampulla of 
Vater and the sphincter of Oddi, including 
the removal of calculi from that part of the 
common duct that is within the duodenal 


wall, dehiscence of the duodenostomy wound 
may occur. A fistula may thus be established 
that is, strictly speaking, duodenal in origin, 
but discharges bile as well as other intestinal 
juices. Fortunately, this complication is less 
frequent than it was formerly because of the 
more meticulous closure of the incision in 
the duodenal wall. 

A duodenal fistula is to be suspected when 
bile and intestinal drainage appear after an 
operative procedure upon this segment. The 
diagnosis is readily confirmed by roent- 
genologic examination, using radiopaque 
material to visualize the course of the tract 
and its opening from the duodenum. AI- 
though these may close without operation, 
they are usually quite slow in doing so. The 
loss of fluids and electrolytes may so deplete 
the patient that surgical correction rapidly 
becomes mandatory. 

Nutritional depletion rapidly follows the 
complete diversion of the bile from the 
intestinal tract. As it escapes from a fistula, 
bile should therefore be collected and re- 
turned to the patient at regular intervals. 
Many methods have been evolved for this 
objective, ranging from having the patient 
drink the bile to introducing it into the 
stomach through a small tube. In our hands, 
the latter has been the more satisfactory. An 
external biliary fistula is an urgent clinical 
problem and requires surgical correction as 
early as it can be accomplished with safety 
to the patient. Thus, while the nature of the 
fistula is being studied, the patient should 
be prepared for operation. This may be 
difficult because massive infection may also 
be present, and it may require herculean 
efforts to attain a satisfactory nutritional, 
fluid, and electrolyte state. 

In attempting to determine the cause of 
a biliary fistula, it is of first importance to 
know what the findings were at the primary 
operation and exactly what operative pro- 
cedure was done. Sometimes this informa- 
tion is not available, and the surgeon must 
rely upon diagnostic measures for guidance. 
In the absence of jaundice, intravenous 
cholangiography may give much informa- 
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tion, revealing calculi, distortion of the 
ductal system, or abnormalities sometimes 
unexpected. Additional information may be 
gained from a gastrointestinal series focus- 
ing in particular upon the duodenum. 
Roentgenographic visualization of the fis- 
tulous tract with radiopaque material is 
usually the most informative method. 

If the cause of the biliary fistula can be 
determined, then the surgeon’s problem 
becomes evident and he may plan his 
attack. On the other hand, an attempt at 
correction of a biliary fistula without ob- 
taining all possible information may result 
in a frustrating experience to the surgeon 
and prove of no benefit to the patient. 

The surgical procedure for correction of 
a biliary fistula depends upon its cause. If 
it is due to a calculus, the stone should be 
removed; if the common duct has been 
injured, it should be repaired. Emphasis is 
placed upon such an approach because at- 
tempts are still being made in this country 
to dissect out fistulous tracts and implant 
them into the intestinal tract. Such attempts 
rarely meet with success because the tract 
tends to contract and become obliterated, 
thus producing obstructive jaundice. 


DISLOCATION, OBSTRUCTION, AND RETENTION 
OF DRAINAGE TUBES 


Dislocation of common duct tubes. ‘Tubes 
placed to provide decompression and drain- 
age of the common duct may be displaced, 
occluded, or become difficult to remove. It 
is the common practice to maintain decom- 
pression and afford drainage of the common 
duct after its exploration by means of a 
T tube placed through the incision in its 
wall or by a catheter placed through the 
cystic duct into the choledochus. The tube 
may be displaced by any one of a number 
of inadvertent occurrences. It may be 
caught in the bed clothing or it may be 
attached to some part of the bed so that as 
the patient turns, the tube is dislocated. 
Sometimes the patient may pull upon the 
tube. There are many methods by which 
the tube may be secured so that this will 


rarely occur. The tube may be anchored 
to the skin by sutures, or fastened to « roll 
of bandage held to the skin by adhesiv«. [{ 
is worthwhile to instruct the patient be ore 
operation concerning the function of «ich 
a tube. 

The shorter the lapse of time from 0; -ra- 
tion until the inadvertent displaceme: | of 
the tube, the more serious is the acci ent 
likely to be. The formation of a tract © ong 
the course of such drains tends to alloy the 
bile that escapes from the common du ° to 
pass to the exterior rather than to acc: ju- 
late in the periductal and subhepatic | ea. 

When any tube draining the con ion 
duct is inadvertently displaced and | cre 
is no obstruction distally, one may e» vect 
that little bile will escape. On the © her 
hand, if there is obstruction in the © stal 
part of the common duct, then the ami int 
will be large. The size of the defect i: the 
wall of the choledochus is of less import. ice 
than the degree of obstruction. Thus ile 
loss depends on the patency of the cliole- 
dochal duodenal junction and the pres«n 
of calculi in the distal common duct. 

The question may arise as to wheiier 
tubes that have been displaced from the 
duct and remain within the abdomen 
should be left alone or removed. Beciuse 
bile may be expected to drain into the 
subhepatic area, the tube may serve a use- 
ful purpose in facilitating the escape of 
bile through the abdominal wall. A further 
protection is provided by drains that extend 
from opposite the foramen of Winslow along 
the bed of the gallbladder through the ab- 
dominal wall. 

Patients who have this unfortunate acci- 
dent should be observed carefully. If there 
is no external drainage of bile and there is 
evidence of diaphragmatic irritation, ab- 
dominal distention, or any other sign of the 
escape of bile into the peritoneal cavity, 
operation should not be postponed. | 
many patients bile will drain to the exterior 
for a few hours, and thereafter recovery 
will be satisfactory. In others bile periton it 
may develop that is of a general nature 0 
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is localized to the subhepatic and sub- 
diaphragmatic area. 

Obstruction due to occluded tubes. In the early 
postoperative period, tubes may become 
occluded by blood clot, calcareous gravel, or 
distortion. The introduction of sterile saline 
under gentle pressure will usually suffice to 
correct this. The longer a tube remains 
within the ductal system, the more likely it 
is to become obstructed by encrusted ma- 
terial. However, tubes have been found to 
remain patent for years. Those that become 
clogged by encrusted material should be 
removed because additional layers of en- 
crustations may result in complete occlusion 
of the common duct. The use of solvent 
materials other than water and saline is not 
recommended. 

Retention of drainage tubes. Some surgeons 
seek security from the inadvertent displace- 
ment of tubes in the bile duct by suturing 
them in place. When plain No. 000 catgut 
is employed, the tube usually is readily 
removed after 10 days. If they cannot be 
withdrawn readily, it is better to let a few 
days elapse and then make another attempt. 
Force should not be applied. 

A bile-tight closure about a T tube is 
advocated in order that periductal accumu- 
lations be kept at a minimum. Since large 
or stiff T tubes may be difficult to withdraw, 
the surgeon should select tubes that are 
flexible and of suitable size. It is a good 
practice to cut a small V-shaped segment 
in the T’ tube wall opposite the limb that 
will lead to the exterior. Half of the cir- 
cumference of the tube within the duct may 
be cut away before it is placed in order to 
facilitate later removal. When removal is 
not readily accomplished, slight traction 
upon the external limb of the tubing followed 
by setting a clamp across it and having the 
patient walk about may initiate its disloca- 
tion. 


JAUNDICE FOLLOWING OPERATIONS UPON THE 
BILIARY TRACT 


The appearance of jaundice following an 
Operation upon the biliary tract is usually 


an indication of a serious complication. The 
nature of its onset, its intensity, and severity 
or degree of systemic manifestations that 
may accompany it provide a basis for sus- 
pecting its cause and probable course. The 
causes are numerous and include obstruc- 
tion of the extrahepatic ductal system, 
cholangitis, intrahepatic cholangiolitic hepa- 
titis, hepatic failure, intrahepatic metastatic 
carcinoma, viral hepatitis, toxic hepatitis 
due to medications, blood dyscrasias, trans- 
fusion reaction from improperly matched 
blood, pyelophlebitis, and other more rarely 
encountered conditions. 

The most frequent cause of jaundice 
following cholecystectomy or operations 
upon the biliary tract is obstruction some 
place along the extrahepatic ductal system. 
Calculi, infection, neoplasia, and scarring 
may Cause such obstruction, not only within 
the system but at its outlet into the duo- 
denum at the ampulla of Vater. Lesions ex- 
trinsic to the hepatic ducts such as expanding 
lesions of the pancreas, carcinoma, or pan- 
creatitis may encroach upon the lumen 
and produce an obstructive jaundice. Occa- 
sionally a neoplasm of the duodenum may 
occlude the biliary outlet. During chole- 
cystectomy, injury of the common duct that 
results in its narrowing or complete inter- 
ruption occurs often enough so that it 
should always be considered as a possible 
cause whenever jaundice appears within a 
day or two after operation. 

Calculi. The single outstanding cause of 
jaundice following cholecystectomy alone 
or in combination with common duct ex- 
ploration is calculi within the ductal system. 
Although many patients may have had 
jaundice before operation, perhaps an equal 
number may have had no symptoms of 
common duct stones. Careful evaluation of 
the findings at operation, seeking specific 
evidence of common duct calculi, should 
reduce this complication. When symptoms 
have been overlooked, it may be expected 
that these will increase as well as recur. 
It is difficult to explain why calculi, that 
have been “‘silent”’ although present within 








the ductal system, should sometimes ob- 
struct the bile flow following cholecystec- 
tomy. It has been suggested that cholecys- 
tectomy causes increased spasm of the 
sphincter of Oddi, which in turn results in 
an increase of pressure within the ductal 
system with the dislocation of the stone to 
a position that obstructs the flow of bile. 
Manipulation of the duct during operation 
and the use of instruments within the duct 
may also cause edema and swelling that 
may reduce the lumen so that calculi that 
were free and moved readily before now 
become impinged or impacted in the lower 
segment. If stones remain in the common 
duct, it may be expected that most of them 
will in time cause symptoms and some will 
result in complete obstruction. Because the 
incidence of common duct calculi increases 
with age, there is some justification in fol- 
lowing a policy of exploring the common 
duct on the slightest evidence of their pres- 
ence in the older age group. When opera- 
tion includes common duct exploration, the 
overlooking of stones can be reduced by 
meticulousness and thoroughness in search- 
ing for them, employing operative cholangi- 
ography or any adjunct measures that the 
surgeon has found of value in his hands 
(Fig. 2). By such means, the incidence of 
jaundice due to overlooked calculi may be 
kept low but probably will not be entirely 
eliminated. Examination of the ductal sys- 
tem by cholangiography before the re- 
moval of the catheter or T tube used to 
drain the common duct will reveal most of 
these. Information concerning the presence 
or absence of calculi is of value if jaundice 
appears later. 

If calculi are demonstrated within the 
common duct after an operation upon the 
biliary tract and before the patient is dis- 
charged from the hospital, they should be 
removed unless there is some contraindica- 
tion. Some patients will prefer to postpone 
a second procedure. If a tube draining the 
common duct is in place, this should not 
be removed until the secondary operation 
is embarked upon. It is recognized that 
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calculi may exist in the common duct with. 
out causing symptoms, but this is unpre. 
dictable. Jaundice, constant or intermittent, 
renders operation imperative. 

Postoperative cholangiograms should be 
done before the removal of any drainage 
tube from the common bile duct. ‘These 
examinations require care in their _per- 
formance which is the responsibility of the 
surgeon. If the radiopaque material is intro- 
duced by means of a syringe under pressure 
greater than that of 30 centimeters of water, 
the ductal system may be distended. If 
organisms are present or if there is a cho- 
langitis, the patient, after experiencing pain, 
may have a chill and the temperature may 
rise to 40 degrees C. or more. While the 
same mechanism might well result in pan- 
creatitis, it has not been observed. Usually 
the flare-up of cholangitis that follows over- 
distention of a ductal system that has been 
well decompressed for several days is of 
short duration and requires no _ special 
therapy. 

Patients in whom symptoms and signs of common 
duct stone develop after cholecystostomy without 
choledochotomy. A patient who has had a 
cholecystostomy may discharge bile in vary- 
ing amounts immediately after operation 
and for a few days thereafter. If this be- 
comes a complete diversion leading to a 
loss of 800 to 1,500 cubic centimeters, then 
it is quite likely that the common duct distal 
to the cystic duct is occluded. Here, again, 
the more frequent cause is calculi or cal- 
careous material, although neoplasm or 
inflammatory reaction may be culpable. 
Roentgenographic examination using some 
radiopaque substance will usually establish 
the diagnosis. In suspected neoplasm, visual- 
izing the lower part of the stomach and duo- 
denum by a gastrointestinal series combined 
with cholangiography may demonstrate its 
nature more clearly. The gallbladder and 
the ductal system should be visualized be- 
fore a patient who has had a cholecystostomy 
is discharged from the hospital. The tube 
draining the gallbladder should be removed 
only after it has been established that there 
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' are no stones or evidence of obstruction 


within the biliary tract. It is perhaps a 
better practice to leave the tube in place 
until cholecystectomy is performed. 

A careful record should be kept of the 
amount of bile discharged through a chole- 
cystostomy. A gradual decrease in bile out- 
put accompanied by an increase of bile in 
the stools is indicative of restoration of 
normal bile flow. Intermittent flow of bile 
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with periods of complete obstruction is 
typical of a calculus in the lower segment of 
the common duct. Gradual and increasing 
bile loss is usually caused by calcareous, 
sandlike material or neoplasm. 

Patients in whom signs and symptoms of 
common duct stone develop after cholecystectomy 
without common duct exploration. Following 
cholecystectomy, pain in the right upper 
quadrant that is sudden in onset and that 
increases in severity and radiates through 
to the back and the angle of the right 
scapula is very suggestive of choledocho- 
lithiasis. If there is an elevation of tempera- 
ture and jaundice that persist even for ever 
so short a time, then one may conclude that 
the diagnosis has been established. If the 
jaundice subsides shortly, an intravenous 
cholangiogram is most dependable to con- 
firm the diagnosis. ‘This often demonstrates 
the location, size, and number of calculi. If 
the stone is located in the ampulla of Vater, 
there is often associated spasm of the sphinc- 
ter of Oddi with common duct dilatation 
(diameter of 1.2 cm. or more). The precipi- 
tation of attacks of pain by eating is quite 
characteristic of small stones within the 
ampulla of Vater. 

The measurement of the diameter of the 
common duct as visualized by intravenous 
cholangiography may lack accuracy because 
of a number of factors. However, 8 milli- 
meters is probably the upper limit of normal. 
Patients who have had the gallbladder re- 
moved have been observed to have diam- 
eters up to 12 millimeters without evident 
explanation. Measurements greater than 
these values for the two respective situations 
are evidence of obstruction. 


DAYS 

Fic. 2. Elevation of temperature after postoperative 
cholangiogram. Ten days after operation, 30 cubic centi- 
meters of radiopaque material were introduced by means 
of a syringe through the T tube. The patient immediately 
experienced slight pain. The cholangiogram showed a 
normal ductal system with a patent duodenojejunal junc- 
tion. Within 2 hours the patient had a severe chill fol- 
lowed by a temperature elevation to 38.8 degrees C. 
There was a complaint of slight discomfort in the hepatic 
region for a period of 24 hours. There was a slight chill 
12 hours later with elevation of temperature to 39 de- 
grees C. Thereafter the patient’s course was uneventful. 


When jaundice is present, even if the 
obstruction is not complete, intravenous 
cholangiography is of no value because the 
opaque material is not excreted in sufficient 
amounts to visualize the ductal system. Ab- 
sence of bile in the stool and an increasing 
jaundice, even with the subsidence of fever 
and disappearance of pain, are an indica- 
tion for surgical intervention. 

Patients in whom jaundice develops after 
choledochotomy without cholecystectomy or chole- 
cystostomy. Secondary operations on the 
biliary tract undertaken for obstructive 
jaundice although generally effective are 
followed by a higher incidence of complica- 
tions than primary surgical procedures. 
There are several factors that account for 
this. First, biliary tract disease has been 
present for a longer period of time, with its 
associated changes. Second, the tendency 
to form new stones seems to persist more 
frequently in this group. Third, intrahepatic 
dilated segments of the ductal system that 
favor calculi formation may be present. 

Neoplasm of the ampulla of Vater. Jaundice 
that follows cholecystectomy performed for 








acalculous cholecystitis should alert one to 
the probable presence of a malignant neo- 
plasm of the extrahepatic ductal system or 
the ampulla of Vater. Sometimes, however, 
at operation, a gallbladder associated with 
neoplasm causing obstruction may not only 
be somewhat enlarged but may contain 
stones. The common duct is usually full or 
distended, but its walls are not unusual. 
After cholecystectomy, mild and _ inter- 
mittent jaundice appears. It increases over 
a matter of weeks. Re-evaluation consistently 
reveals occult blood in the stools and in- 
creased discomfort in the right upper quad- 
rant after eating. Gastrointestinal series may 
or may not demonstrate a lesion in the 
ampulla of Vater. At a second operation, 
the common duct is further enlarged and a 
tumor is readily palpable in the region of 
the choledochal duodenal junction. ‘Trans- 
duodenal exposure of the ampulla of Vater 
provides an opportunity to confirm the diag- 
nosis immediately by biopsy and frozen 
section. Carcinoma of the ampulla of Vater 
should be treated by the Whipple proce- 
dure. This provides for wide excision with 
restoration of continuity of the gastro- 
intestinal tract and conservation of the ex- 
ternal secretion of the remaining pancreas. 


PANCREATITIS 


Pancreatitis fortunately is not a common 
complication following cholecystectomy. It 
does occur, however, although with some- 
what less frequency than after exploration 
of the common duct. Regurgitation of bile 
is believed to be the most frequent cause. 
Because of its tendency to subside within a 
few days after onset and because the jaun- 
dice is almost never marked, no surgical 
intervention is indicated. Occasionally, pan- 
creatitis following biliary tract operations 
may be of a fulminating type and end 
fatally. 


INJURY TO THE COMMON DUCT 


In the course of performing a cholecystec- 
tomy, the cystic duct should be so dissected 
that its junctions with the common duct 
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and the ampulla of the gallbladder are 
clearly demonstrated. To accomplish this. 
the cystic duct is isolated from any struc- 
tures adjacent to it. In most instances, the 
cystic artery courses parallel to it for about 
half its length, and the sentinel lymph gland 
rests between these structures at Calot’s 
triangle. If the cystic duct is not properly 
dissected, then the common or right hepatic 
bile duct may be mistaken for it and di- 
vided. When the true junction of the cystic 
with the common duct is not demonstrated. 
the operator in placing a clamp across it 
may distort it just enough to result in the 
wall of the common duct being included. A 
ligature placed proximal to the clamp 
further distorts the duct and diminishes the 
lumen. Gross distortion of the common 
duct by traction upon the cystic duct can 
result in excision of the segment of the 
common duct. Blind clamping of bleeding 
vessels may readily injure the common duct, 
particularly when hemorrhage from the 
cystic artery or anomalous branches from 
it, or from the right hepatic artery obscures 
the field. Under such circumstances a liga- 
ture may inadvertently be placed so as to 
occlude both the vessel and a part or all the 
lumen of the common duct. 

Stricture of the bile duct. One of the most 
serious complications associated with opera- 
tions upon the biliary tract is stricture of 
the bile duct. Its genesis is tragic for both 
patient and surgeon. The events that pre- 
cede the development of a stricture have 
been discussed under cholecystectomy. The 
prevention of this complication is the re- 
sponsibility of anyone who operates upon 
the biliary tract. The clinical course that 
follows injury to the bile ducts that results 
in stricture formation is distressing and dis- 
abling. Perhaps less than half of those who 
sustain a stricture due to operative injury 
survive for 10 years. Biliary obstruction or 
infection that persists or recurs causes pro- 
gressive liver damage. 

Diagnosis. Injuries of the bile duct that 
are recognized and repaired at the time 


they occur have a definitely better pros: 
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nosis than those that are first demonstrated 
at a secondary operation.When injury is not 
recognized during the primary operation, 
oneof two manifestations may appear shortly 
thereafter. The first and the most frequent 
is jaundice, and the second, which may or 
may not be preceded by jaundice, is a 
biliary fistula that diverts a large amount 
of bile. As to the first, there is occlusion of 


_the bile duct by ligature or by excision of a 


segment and ligation of the choledochus 
which has been mistaken for the cystic 
duct. Distortion of the main bile ducts by 
angulation due to traction upon the cystic 
duct is relatively rare. Rather the more 
common course of events seems to be that 
the common duct, being mistaken for the 
cystic, is clamped and divided and then 
occluded by a ligature. Many injuries are 
recorded as following uncontrolled hemor- 
rhage from the cystic or hepatic artery 
where the operator has placed a clamp 
blindly, perhaps making several attempts 
before the bleeding is checked. A ligature 
is sometimes placed without accurate identi- 
fication of what structures have been in- 
cluded in the clamp. The common duct 
may thus be completely or partially oc- 
cluded. When a ligature has been placed 
about the common duct, necrosis may occur 
and a bile fistula form. Under such cir- 
cumstances, the following manifestations oc- 
cur. Immediately or shortly after operation, 
the patient complains of pain that is deep- 
seated in the right upper portion of the 
abdomen. The pulse rate is elevated and the 
patient experiences increasing discomfort 
and restlessness that is not relieved by 
medications ordinarily employed immedi- 
ately after operation. Within 12 to 24 hours, 
an evident icterus is present and there is 
bile in the urine. If necrosis of the wall of 
the bile duct takes place, then the ob- 
structed bile flows into the subhepatic area. 
If drains are present, this in turn escapes 
externally and a bile fistula is established. 
If the bile does not accumulate in the sub- 
hepatic area but flows freely into the general 
peritoneal cavity, then a bile peritonitis 
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results. When the common bile duct has 
been completely divided or occluded, a bile 
fistula must be established if the patient is 
to survive. Incomplete occlusion or removal 
of a part of the wall may be followed by a 
biliary fistula, and at the same time part of 
the bile may reach the duodenum. As scar- 
ring takes place, the bile lost externally and 
passing into the duodenum may decrease 
and stop altogether, and concomitantly 
jaundice may increase and become com- 
plete. 

Management. In our experience over a 
period of 30 years in the treatment of 
patients who have had an injury to the 
bile duct at the time a cholecystectomy was 
done, I have not encountered at a secondary 
operation any two with exactly the same 
findings. Those patients who have been 
operated upon for jaundice a week or 
longer after the primary operation have, in 
some instances, been subjected only to ex- 
ploration and the establishment of a free 
flow of bile to the exterior. Only occasionally 
have I embarked upon a definitive proce- 
dure to reconstruct the common duct. There 
have been several reasons for this, namely 
the general condition of the patient and the 
difficulty found in attempting to dissect the 
structures involved sufficiently to permit 
performing a satisfactory anastomosis. 

Those patients who have an external bile 
fistula through which most of the bile es- 
capes are much better able to tolerate the 
operation after preparation, and the repair 
is less arduous. 

Regardless of the patient’s appearance of 
well-being, all possible information should 
be obtained about the primary operation, 
the course of events that followed, and the 
patient’s present status. Correction of a 
stricture of a bile duct is always a major 
undertaking, and the surgeon who attempts 
it should take all measures to provide every 
advantage to the patient and to himself. If 
no jaundice is present, the biliary tract 
should be visualized in so far as it is possible 
by intravenous cholangiography. Fistulous 
tracts should likewise be explored by opaque 
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material. The liver status is important and 
may determine how extensive an operation 
the patient may be expected to tolerate 
with safety. Indeed, a liver that has been 
obstructed for a long period and is also the 
site of cholangitis is a contraindication to 
any prolonged procedure. 

Repair (Fig. 3). Usually one may readily 
demonstrate the proximal segment at the 
hilus of the liver, and indeed dense ad- 
hesions here are not frequently encountered 
in the first attempt at a repair. A fistulous 
tract, if present, leads one directly to the 
proximal segment. Once thisisdemonstrated, 
a reinspection to identify the portal vein, 
gastroduodenal artery, and hepatic artery 
will enable the surgeon to locate the right 
hepatic artery. It is extremely important to 
demonstrate this vessel before it or its 
branches enter the scar tissue. With these 
structures identified, dissection of the proxi- 
mal segment and demonstration of the right 
and left hepatic ducts are more readily 
accomplished. 

If the duct has been completely divided, 
the distal segment is often contracted toward 
the duodenum. Its identification may be 
difficult. Transduodenal exposure of the 
ampulla with retrograde catheterization of 
the common duct may be necessary. This 
may demonstrate that there are several 
centimeters between the ends of the divided 
duct when they are dissected free. The duo- 
denum, which has already been mobilized, 
may be displaced toward the liver hilum to 
compensate for the exaggerated apparent 
defect. The ends of the common duct are 
dissected free of scar tissue, and an end-to- 
end anastomosis is accomplished with inter- 
rupted sutures of No. 5-0 arterial silk over 
a T tube which serves as a prosthesis and 
provides for decompression. The long arm 
of the T tube is brought out through a small 
incision proximal to the line of anastomosis 
if that segment is long enough to permit. 
Otherwise it is brought out in a similar 
manner below. 

When the common duct has not been 
completely divided but is obliterated for 


some distance by scar tissue, resection of the 
scarred segment is indicated. The amount 
removed is dependent upon the involve. 
ment; the immediate objective is to have 
segments of as nearly normal choledochus as 
possible with which to establish an anasto- 
mosis. It is essential for the success of an 
anastomosis of the common duct that the 
suture line not be under tension or the 
duct subject to distention. These conditions 
are best established by adequate mobiliza- 
tion of the duodenum and the placing of 
the distal arm of the T tube through the 
choledochoduodenal junction. 


OTHER CAUSES OF JAUNDICE 


Transfusion—hemolysis and incompatible blood, 
Jaundice that results from a hemolytic re- 
action following transfusion becomes ap- 
parent within 12 to 24 hours. If it is mild 
and the total amount of hemolysis is not 
great, it will clear within from 2 to 5 days. 
There is a hemoglobinuria that precedes 
the appearance of the jaundice and is of 
short duration. If the hemolysis is the result 
of a severe reaction due to incompatible 
blood, then hemoglobinuria is followed by 
renal shutdown and anemia. The jaundice 
under these circumstances is greater but 
not marked. It usually persists, however, 
until renal function is re-established. If 
renal failure is complete and irreversible, 
death from uremia results with little change 
in the jaundice. The salvage in this group of 
patients is increasing with the early and 
careful use of the artificial kidney when renal 
shutdown occurs. 

Metastatic carcinoma of the liver. Occasion- 
ally, a gallbladder is removed because of 
complaints that have been erroneously at- 
tributed to gallstones demonstrated by 
cholecystogram. The patient’s complaints 
and symptoms have been due to a carcino- 
ma, usually primary in the stomach, intesti- 
nal tract, or other intra-abdominal organs. 
Metastatic tumor in the liver as well as 
primary tumor may have been overlooked. 
Jaundice may be caused by impingement on 
and compression of the ductal system. A 
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carcinoma of the ductal system or even the 
gallbladder may grow rapidly and result in 
jaundice after cholecystectomy. Generally, 
neoplasia is recognized at the time the gall- 
bladder is removed, and the appearance of 
jaundice sometime later is anticipated. It is 
a manifestation of terminal disease and 
merits no specific measures. 

Viral hepatitis. During the past 15 years in 
a small but increasing number of patients 
jaundice has developed, believed to be due to 
viral hepatitis after surgical procedures upon 
the biliary tract. The jaundice has appeared 
as early as 5 days and as late as 45 days after 
operation. In most instances, the patient 
has received blood or plasma during or 
shortly after operation. The onset of the 
jaundice was preceded by general malaise 
and anorexia. ‘Temperature elevation has 
been minimal, and there has not been a true 
leucocytosis. The jaundice has usually been 
progressive, reaching a bilirubin of 3 to 4 
milligrams within from 7 to 10 days after 
the onset of symptoms. The diagnosis has 
been based upon an increased cephalin 
flocculation and thymol turbidity without 
any other demonstrable cause of the jaundice 
and the accompanying symptoms. Some pa- 
tients with viral hepatitis experience only 
mild symptoms of short duration. Others 
may run a rapidly fulminating course to 
end in death. Still others may recover from 
the acute phase only to suffer later from 
liver insufficiency. 

This type of jaundice may be contracted 
in other ways and may occur sporadically. 
Thus it is possible, particularly among 
young individuals, for it to develop in pa- 
tients who have been operated upon but to 
be completely unrelated to anything asso- 
ciated with the surgery performed. 

Cholangitis. It is probable that a large pro- 
portion of patients with calcareous biliary 
tract disease have an associated cholangitis. 
Although this may be present without symp- 
toms, it does tend to flare up when an oper- 
ative procedure is performed upon the 
biliary tract. There seems to be some rela- 
tionship between the mechanical disturb- 


Fic. 3. Repair of stricture due to operative injury. 
7, The injury resulting in complete interruption of con- 
tinuity of the course of the common bile duct. Small 
insert shows division of distal segment of common bile 
duct in oblique fashion. 2, The ends of the divided com- 
mon bile duct have been identified and sutures of No. 5-0 
silk are placed at opposite ends. 3, Posterior row of the 
anastomosis has been completed. 4, Decompression of 
ductal system with T tube in place. Distal limb has 
been extended through the ampulla of Vater into the 
duodenum. 


ances and the extent of the cholangitis. 
Thus removal of a gallbladder may cause 
little increase in the cholangitis, whereas ex- 
ploration of the common duct and the in- 
troduction of radiopaque material to visu- 
alize the ductal system may be followed by 
chills, fever, leucocytosis, and jaundice. A 
mild degree of jaundice is frequently seen 
in patients with acute cholecystitis due to 
cholangitis and unassociated with common 
duct calculi. After operation, cholecystec- 
tomy alone or combined with choledochot- 
omy, the jaundice may increase percepti- 
bly. However, jaundice is rarely profound 
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and tends to clear within from 36 to 72 
hours. Penicillin and streptomycin given 
prior to operation have been of value in pre- 
venting acute flagrant exacerbations in pa- 
tients suspected of having chronic or sub- 
acute cholangitis. 

Cholangiolitis. From time to time, perhaps 
once or twice in each 500, operations under- 
taken for gallbladder disease will reveal a 
slight enlargement of the liver, a thin-walled 
gallbladder containing a few calculi, and a 
common duct that appears smaller than 
normal in diameter and sometimes edema- 
tous. Within a day or two thereafter, the 
patient becomes jaundiced, the stools acholic. 
The bilirubin and the alkaline phosphatase 
become elevated. The temperature may or 
may not be elevated. As the jaundice in- 
creases there is anorexia, general malaise, 
and gradual weight loss. It may subside 
spontaneously or it may be progressive. The 
diagnosis is arrived at by exclusion, being 
difficult to differentiate from hepatitis due 
to medications such as chlorpromazine, 
arsphenamine, cinchophen, and methy]l- 
testosterone. ‘This condition of intrahepatic 
cholangiolitic hepatitis is poorly understood 
and its cause unknown. 

If the jaundice is progressive, operation 
with exploration and drainage of the com- 
mon duct should be performed. A biopsy 
of the liver will establish the diagnosis 
which has been missed at the first operation. 
Although the disease may persist and ter- 
minate in death, recovery has been reported 


after prolonged decompression of the com. 
mon duct. 


SUMMARY 


Those complications which occur most 
frequently after operations upon the biliary 
tract include subhepatic accumulation, hem- 
orrhage, biliary fistulas, bile peritonitis, 
jaundice, and the recurrences or persistence 
of symptoms. The causes, clinical manifesta- 
tions, and managementof these are described, 
An awareness of the complications that may 
develop after operations upon the biliary 
tract should prompt the surgeon to employ 
those measures that are most effectual in 
their prevention in the preoperative evalua- 
tion and preparation of each patient. Em- 
phasis is placed upon meticulousness in 
identification of anatomic structures so that 
inadvertent operative injury will not occur. 

Jaundice, one of the more serious com- 
plications, is often due to obstruction of the 
ductal system. The causes of obstruction are 
discussed in order of the frequency with 
which they have been observed. Calculi, 
infection, trauma, benign and malignant 
tumors, foreign bodies, and extrinsic pres- 
sure are described relative to their roles. 

The trend is toward a decreasing inci- 
dence of morbidity of complications and 
mortality rate. The safety and ease with 
which surgical therapy is now accomplished 
in biliary tract disease is dependent upon 
an appreciation of the factors that keep 
these at a minimum. 
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AN EVALUATION OF HOSPITAL INFECTIONS WITH 
ANALYSIS IN MORTALITY AND MORBIDITY 


U. S. Veterans Administration Co-operative Study Committee for Hospital Infections* 


THERE Is SAID to be throughout the world 
an increasingly critical situation involving 
hospital acquired infections, with bacterial 
resistance to antibiotics such as penicillin 
threatening effectiveness of these adjuncts 
in treatment. Clinical and administrative 
staffs of hospitals are concerned with com- 
plications in patients due to infection with 
antibiotic resistant organisms, particularly 
the staphylococcus. 

Definition of this problem is necessary as 
a whole and in individual hospitals, before 
a baseline can be selected from which to 
evaluate epidemics or effective controls. 

The United States Veterans Adminis- 
tration Division of Research developed a 
co-operative study to evaluate this problem 
as it affects selected Veterans Administra- 
tion hospitals. Two of these are tuberculosis 
hospitals; one a 150 bed general hospital in 
a small New England community, another 
a medium size (500 bed) general hospital in 
a university city of a quarter million people, 
and 2 are metropolitan university affiliated 
general medical and surgical hospitals of 
1,000 beds. It is now possible to review the 
study and some of the data gathered, as 
well as to present conclusions reached in 18 
months of this co-operative effort in 6 hos- 
pitals with a total bed complement of 3,320. 


REFERENCE LABORATORY 


To provide bacteriophage typing and 
standardize methods of identification of 


*The following individuals participated in the ‘Antibiotic 
Resistant Staphylococcus Study”: From the Veterans Admin- 
istration—Dr. Clifford Bachrach, Dr. Max Bovarnick, Dr. Wil- 
liam Chardack, Dr. Lewis Griffith, Dr. Wendell Hall, Dr. 
Gladys Hobby, Dr. Florence Jenney, Dr. Lyndon E. Lee, Jr., 
Dr. Murray Levin, Mr. Julian Lewis, Dr. Stuart Mudd, Dr. 
John B. Perkins, Dr. Lloyd Rogers, Dr. Ralph Vogel; in addi- 
ton, Arnold Branch, Lancaster Hospital, St. John, New Bruns- 
wick, Canada; Dr. Maxwell Finland, Thorndike Institute, 
Boston City Hospital; and Dr. D. Hugh Starkey, Queen Mary 
Veterans Hospital, Montreal. ; 


organisms, sensitivity testing and other 
microbiologic efforts for the entire Co-opera- 
tive Study, a Central Reference Laboratory 
was established as an addition to routines of 
the hospital laboratory at Veterans Admin- 
istration, Batavia, New York. It has been 
demonstrated that such a service can easily 
and economically function, doing an enor- 
mous amount of specialized work with the 
investment of a minimum of additional per- 
sonnel and facilities (1). 

From early returns in the Reference Lab- 
oratory it was immediately apparent that 
indiscriminate use of the various available 
commercial antibiotic discs led to chaotic 
results in assaying bacterial sensitivity (2). 
Even with uniform use of the most reliable 
commercial discs found by the Reference 
Laboratory, correlations between the indi- 
vidual hospital laboratories and the Refer- 
ence Laboratory varied in antibiotic sensi- 
tivity tests from 99 per cent with some drugs 
in certain facilities to 57 per cent with 
others, the average agreement being 86 per 
cent. After standardizing discs and utilizing 
the tube dilution technique as controls, 
continuing lesser differences were found to 
be caused by variations in media, incuba- 
tion time and temperature, amount and age 
of inoculum, and other technical details. 
Discrepancies were reconciled by detailed 
instructions and rare visits to participating 
laboratories by the Reference Laboratory 
Chief. On repeated testing since that time 
correlation of results in antibiotic sensitivity 
assays averages 99 per cent in the study 
hospital laboratories and reference labora- 
tory. Examining this further in a series of 
13 other uninstructed nonstudy Veterans 
Administration hospital laboratories cor- 
relation in sensitivity tests ranged from 72 
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TABLE I.—SUSCEPTIBILITY OF ORGANISMS TO 

ANTIBIOTICS (IN PER CENT) 

INFECTION PRIOR TO HOSPITALIZATION 
____..___ (BASED UPON 321 To 348 CULTURES) a 
Degree of pc ele aa LORE, 
suscepli- —Cycline_._._—‘ C-- 
bility Pen. Tetra Oxy Chlor Amph. Ery. Novo. Strep. Neo. Bactt. 
Bisse 24 52 51 50 77 64 87 38 46 50 
MR.. 9 1 2 2 © 3 12 21 54 49 
ae 67 47 47 47 7 32 i @ 0 1 

HOSPITAL ACQUIRED INFECTION 
rh Ie at (BASED UPON 223 To 383 CULTURES)——__ 
Sy vost 7 2% 21 21 678 63h 67S: «624 SO C57 
MRR .a0%. 9 2 4 4 11 4 26 7 #47 = 41 
| Seer 90 74 %7 7: 19 S77 1 69 2 2 





Based on the first culture isolated from infected patients. Only the 
cultures of the Staphylococcus aureus, coagulase positive and hemolysin 
positive, were sufficiently numerous to present. Phe percentages of the 
cultures are given which were susceptible (S), moderately resistant 
(MR), and resistant (R) to the 10 antibiotics. 


to 98 per cent with an average of 86 per 
cent, although two of the laboratories were 
excluded from these figures and calculations 
because the results were so far out of range 
comparison was impossible. In light of the 
foregoing a reference laboratory is con- 
sidered essential for standardization and 
control of reliability in results for such a 
study, or for valid comparison of data from 
individual studies. 

A noteworthy observation from the Refer- 
ence Laboratory is that the so-called hospital 
epidemic strain of staphylococcus, phage 
type 42B-52-52A-81, is now not the only 
major pathogenic offender although in 18 
months it accounted for 19.3 per cent of the 
organisms received. A new strain, 47-77- 
54-53, has been appearing with increasing 
frequency until it now accounts for 17 per 
cent of the total cultures received. It is pos- 
sible that other strains or combinations could 
develop into major offenders while going 
unrecognized as such in single hospital lab- 
oratories. Recently there has been redesigna- 
tion of phages with the hospital offender 
labeled 80-81. This strain 80-81 seems lately 
to be appearing again in this study with 
greater frequency. The Reference Labora- 
tory is in a favorable position to distinguish 
very early this type of invasion and chang- 
ing general pattern. 

Another important function the Refer- 
ence Laboratory can exercise is the early 
observation of resistance to various anti- 
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biotics. The sensitivities of staphylococej 
from infections brought to the hospital vary 
from those of hospital strains (Table I). The 
pattern of resistance to the various drugs 
during the course of the study is readily 
apparent. In the study of susceptibility of 
organisms to antibiotics Table IT is based 
upon the first culture isolated from infected 
patients.Only the cultures of the Staphylo- 
coccus aureus, coagulase positive and hemo- 
lysin positive, were included for presenta- 
tion. Each table gives the percentage of the 
cultures which were susceptible (S), moder- 
ately resistant (MR), and resistant (R) to 
the 10 antibiotics. It may appear that in 
staphylococcus infections acquired both 
prior to and during hospitalization sensi- 
tivity to neomycin and _ streptomycin is 
enhanced with time. In truth decreasing use 
of these two drugs in everyday hospital 
practice has in effect removed bacteria from 
sufficient prolonged contact to allow de- 
velopment of resistance. ‘This may imply 
that there is wisdom in scheduling intervals 
of enforced removal of selected drugs from 
clinical use. A time table for such removal 
would need to be developed for each drug 
based on the demonstrated interval requisite 
for locally dominant bacterial strains to de- 
velop resistance and, on abstinence from the 
drug, to reacquire sensitivity. Current sensi- 
tivities are now being reported from the 
Reference Laboratory in a monthly release 
to study participants. 

The resistance to the usual antibiotics of 
staphylococci found in infections acquired 
outside the hospital is approaching that of 
the hospital acquired infections. While the 
Veterans Hospitals may have selected 
groups of patients who have been treated in 
the community and come to the hospital 
because treatment was ineffective, one may 
ask how swiftly the reservoir of resistant 
organisms is building up in the nonhospital 
community. 

When reliable and uniform laboratory 
information is assured clinical studies may 
develop in many directions using informa- 


tion thus provided. 
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DEFINITION OF INFECTION 


For the Veterans Administration Co-oper- 
ative Study, significant and reportable in- 
fection was deemed to be any clinical condi- 
tion which, when cultured by choice of the 
responsible physician, yielded a pure or 
predominant staphylococcus culture. Clini- 
cally, these ranged from the classical area of 
inflammatory “‘heat, redness, tenderness and 
swelling,’ through pustules and stitch ab- 
scesses, dermatitis and pneumonia to menin- 
gitis and septicemia. 


REPORTING?! 


To gather data a basic form was de- 
veloped for reporting each case of staphylo- 
coccus infection discovered in participating 
hospitals during the study interval. This 
was more detailed than appears requisite for 
general use, but included some items to 
permit evaluation of their possible useful- 
ness or significance. In hospitals distinction 
must be made between what information is 
desirable and what useful parts of this can be 
provided without disrupting the institu- 
tion’s true function. While participants in 
study hospitals continue to use this study 
form it has been modified for routine re- 
porting of all hospital infections, and now 
includes only those details which appear 
from experience to be most pertinent and 
available without taxing unduly those do- 
ing the reporting. An additional summary 
form is used for central reporting. 

in practice it was soon apparent that 
there were wide differences among the 
various hospitals in what was actually re- 
ported. These variations were not reflec- 
tions solely of difference in opinions as to 
what constitutes an infection. Even in study 
hospitals such variations may result from 
indifference to the importance of infections 
as a source of contamination for other pa- 
tients, however minor or asymptomatic they 
may appear in the hosts. 

A review was made of routine prestudy 
reporting of surgical infections in the group 

1The forms mentioned in the following paragraph can be 


obtained from the United States Veterans Administration Cen- 
tral Office. 
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TABLE II.—TRENDS IN ALL HOSPITALS—INFECTION 
PRIOR TO ADMISSION (IN PER CENT) 


FROM AUGUST 1957 TO MARCH 7, 1958 
(BASED UPON 174 To 189 cuULTURES) 


EVALUATION OF HOSPITAL INFECTIONS 








Degree of Antibiotic. 

suscepti- — Cline C- 

bility Pen. Tetra Oxy Chlor Amph. Ery. Novo. Strep. Neo. Bacit. 
NSPE e 28 50 50 50 71 64 87 27 18 52 
BAR. 8 2 2 3 21 6 12 29 34 17 
Weascuxs 62 48 48 47 8 30 1 & @ 5H 


FROM MARCH 7, 1958 TO SEPTEMBER 8, 1958 
(BASED UPON 114 CULTURES EXCEPT FOR OXYTETRACYCLINE AND 
—_CHLORTETRACYCLINE WHICH ARE BASED UPON 46 CULTURES) — 


Ae 16 48 54 54 78 61 82 43 71 48 
ME.... 4 0 0 QO 12 & 36 7 2 §2 
Wace wars 81 52 46 46 10 38 2 49 0 0 


FROM SEPTEMBER 8, 1958 To FEBRUARY 1, 1959 
(BASED UPON 100 CULTURES) 








Seales 20 5 — — 85 64 87 56 83 55 
MEK... 7 .o—- — 9 1 7 #17 ~ «#44 
| eee 3 4 —- — 6 35 a; 3I 1 
FROM AUGUST 1957 TO MARCH 7, 1958 
______(BASED UPON 112 To 200 cuLTUREs) 
weaieews 6 20 21 21 68 49 77 15 36 78 
MR.... 8 2 | 3 20 § 3 @ 6 2 
| eee 86 77 76 76 12 46 1 66 + 1 


FROM MARCH 7, 1958 TO SEPTEMBER 8, 1958 
(BASED UPON 136 CULTURES EXCEPT FOR OXYTETRACYCLINE AND 
—_CHLORTETRACYCLINE WHICH ARE BASED UPON 50 CULTURES) — 


eee 11 28 24 24 68 44 71 27 65 = 51 
ME.... 3 1 6 4 10 3 28 5 & #4 
peer 86 71 70 72 22 53 1 64 0 1 


FROM SEPTEMBER 8, 1958 To FEBRUARY 1, 1959 
____.(BASED UPON 148 CULTURES) 


ee 7 2 — — 73 51 76 28 79 56 
WM... Fin=—<- ie 7a 
SNS 89 71 — — 18 48 1 64 O 4 
of study hospitals and checked against 


similar reports during the same interval 
from nonstudy hospitals. This revealed a 
frequency of infections in surgical patients 
ranging from 0.5 to 2.0 per cent averaging 
about 1.0 per cent. Nonstudy hospitals have 
continued routine reporting at this level. 
With initiation of the study the reported 
frequency of infections in all the participat- 
ing general medical and surgical hospitals 
rose to between 4 and 5 per cent, and cases 
from the medical services were introduced. 
Improved recognition of cases is considered 
an immediate tangible benefit of the study. 

In one of the large general hospitals 
where a compulsive and energetic assistant 
chief of service personally sought all infec- 
tions in an effort sustained over several 
months the frequency fluctuated between 
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TABLE III.—REPORTING OF STAPHYLOCOCCUS IN- 


FECTIONS 
Per cent 
Monthly surgical reports (1.4 to 2 per cent average). . 1 
Infection study (GM&S hospitals). .............64. 4-5 
With effective clinical supervisor..................: 13-15 
PICS SE QING 05,0 501s 65525060" 5 Dien o.6 9. Svs 1 
Bed by bed rounds (GM&S hospitals).............. 10-13 


13 and 15 per cent. On his promotion else- 
where it dropped precipitously to the more 
comfortable prestudy level of 1 to 2 per cent. 
(Table IIT). 

Stimulated by this occurrence surgical 
and research staff from the Veterans Ad- 
ministration Central Office co-operating 
with participants undertook a thorough hos- 
pital by hospital, service by service, and bed 
by bed round of the institutions in the study. 
Cultures were taken of each actual or clini- 
cally suspicious infection, and consultations 
or pertinent laboratory studies, such as roent- 
genograms of the chest and hematologic 
reviews, were obtained. In tuberculosis hos- 
pitals, 17.2 per cent of the patient popula- 
tion justified review for the possible presence 
of bacterial infection other than tuberculosis, 
while findings in 37 per cent of the patient 
population in the general medical and sur- 
gical hospitals justified study. Patients mak- 
ing up this group fell«into two classes: (1) 
Those whose infection was an incidental 
finding without obvious influence on cause 
of hospitalization (examples: indolent vari- 
cose or decubitus ulcers, chronic dermatitis, 
incidental pimples and pustules, granulating 
burn areas, and sinuses or gangrene in 
avascular tissues). (2) Those patients whose 
infection was considered significant in rela- 
tion to morbidity and hospitalization of the 
individual. The frequency of significant 
staphylococcal infections in general medical 
and surgical hospitals ranged between 10 
and 13 per cent. Both groups were con- 
sidered to be of importance in hospital staff 
consideration of the problem of infections in 
that they may serve as a source of environ- 
mental contamination and infection of other 
patients. As is to be expected there was con- 
siderable variation in the frequency of in- 
fection among patients in wards devoted to 


various subspecialties. As examples, low rates 
were found among patients in physical 
medicine and rehabilitation or ophthal. 
mology, while the frequency was high in 
the subspecialties of dermatitis, orthopedics, 
and thoracic surgery. 

This survey allows reiteration that: 

Reporting of infections is highly variable, 
requiring understanding and agreement on 
definition of reportable or significant infec- 
tions in any service, subspecialty, or patient 
care institution. 

Approximately half of the infections in 
this study were found on the medical and 
half on the surgical services. 

The frequency of staphylococcus infection 
may be a fair index of the total spectrum of 
bacterial infections in a hospital. As might 
be anticipated the usual bacteria causing 
infectious diseases in the hospital at any one 
time include an imposing list. As with 
staphylococci these are not always the pri- 
mary reason for hospitalization. 

One early and regularly repeated activity 
of a hospital infection committee might be 
to obtain indication of the spectrum of 
bacterial diseases under treatment at stated 
times. The hospital staff would thus be 
provided basic information to aid in choice 
or change of control measures. 


FREQUENCY OF INFECTION 


From August 1957 through January 1959, 
i.e., during the 18 months of the Cooperative 
Study being reported 29,817 patients oc- 
cupied 3,320 beds in 6 Veterans Adminis 
tration hospitals. Among them 1,604 
staphylococcus cultures were isolated from 
1,261 persons, although 47 were taken from 
personnel in patient contact, and the source 
of 5 is unknown. One hundred sixteen were 
recorded as having no clinical staphylo- 
coccus infection and resulted from epidemi- 
ologic study or other interests. There were 
1,093 patients with clinical infections solely 
or dominantly due to staphylococcus (Table 
IV). 

Approximately half of the 1,093 patients 


with clinical infection acquired it in the 
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EVALUATION OF HOSPITAL INFECTIONS 


TABLE IV.—STAPHYLOCOCCUS STUDY—GENERAL CLASSIFICATION OF PATIENTS 








Source of case. 





ee | 
With Without 
Bed com- No. of Total clinical clinical Per- Not 
Hospital plement cultures cases infection infection sonnel recorded 
Tuberculosis 
RNIN ate ra rouse ares at area eee ae aed 232 46 42 38 0 4 0 
NORE HOP EERE RELL EEL ee Eee 500 49 44 38 2 0 
GM&S 
TANNIN Sefer aca c Sic, Stare wielity Kae os see ae re 150 84 74 65 0 7 2 
RRM yo. cor ccc es 1c emer rcc orale F asa . 488 217 166 160 + 0 2 
NG Darks bras arcuate Khar 4 scat .. 950 402 332 317 2 12 1 
I oii oleae Ne sot bes Wie ee niece coe : 1000 806 603 475 108 20 0 
WAT Bec cee cris whee orl Phe bevel cineay aidae WNnmece SoM gee ae 3320 1604 1261 1093(.33) 116 47 5 
TABLE V.—INFECTION VS. HOSPITALIZATION 
Total cones ON —In hospital_._ —Unknown_— —No report 
Hospital Beds infections No. Per cent No. Percent No. Percent No. Per cent 
ee ee 732 76 18 24 52 68 1 1 5 7 
2 Hospitals 
Ee wots has oe etic ee 150 65 23 35 19 29 0 23 36 
CO BE er asec eae ere 488 160 67 42 84 52 1 1 8 5 
MM eran Sahar ns ctriere cen Oexe 1950 792 349 44 356 45 9 1 78 10 
2 Hospitals 
ROMME Gerrencesetonseceesetemene 3320 1093 457 42 511 47 11 1 114 10 


GM&S—General Medical and Surgical. 


hospital, while the other half entered the 
hospital with the infection already present 
(Table V). Obviously the problem is not 
that of hospital-acquired infections alone. 

One-third of the 1,093 clinical infections 
(298) occurred in patients having no manip- 
ulation which violated continuity of the 
skin. One-third of the patients (332) under- 
went some procedure but suffered the 
staphylococcus infection elsewhere in the 
body unrelated to the manipulation. One- 
third of the staphylococcus infections (329) 
were at the site of some procedure which 
interrupted continuity of the integument 
through anything from venipuncture to 
surgical incision. In frequency of infections 
on the major clinical services medicine is as 
culpable as surgery. 

The nature and site of staphylococcal in- 
fection is of interest (Table VI). Further in- 
formation is desirable to determine the de- 
gree of severity of infection in certain of 
those listed. Items under cultures were 
recorded as clinically significant infections, 
but the nature of resulting morbidity was 
not catalogued in the reports. Here again 
definition isimperative. To illustrate: Among 


the 39 cases of osteomyelitis only 7 were 
actual hematogenous infection, while the 
others were localized and often part of a 
more general gangrenous process in a digit 
or extremity, or at sites of trauma, open 
reductions or wiring. This study does not 
indicate an increase in primary osteomy- 
elitis. 

It is pertinent to record the end results of 
the staphylococcus infections (Table VII). 
Chronic infection was recorded if the condi- 
tion persisted at termination of the hospital 
stay or for more than 30 days. 

One hundred fifty-one patients died 
among the 1,093 with clinical infection. The 
nature and sites of infection in deceased pa- 
tients are indicated in ‘Table VIII. In 63 
per cent of these cases the staphylococcus 
infection was considered to have contributed 
to death even though it may not have been 
the primary cause. Of the 95 deaths attribut- 
able in some measure to staphylococcus in- 
fection, 32 of the infections were present 
when the patient entered the hospital; 52 
were acquired after he entered the institution 
(Table LX). Among these patients are some 
in whom staphylococcus infection was the 
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TABLE VI.—NATURE AND SITE OF STAPHYLOCOC- 
CUS INFECTIONS 
No. of cases 


Se NRIEEIR Sala v ois in wissiisiiedolegeistetcieceisy cure mis pe eiar: « 336 
ce SR te gt nn est een TN er eer ae eae 180 
EA i a Son Te ee TOP RET ROE 124 
PRMIMER Ss oot a mines Sava o a cuaen ahem sce es 53 
Abscess and deep infection 
MUNI Soh are oi5 ts da teneid io 0 AOS Ses eee 17 
OL OCS Ct a eee ee ie ror IC 1 
TNE Peis ie cero oes seen ve we aa Te ole voit ceni ee a 
NIN isp caer g savas ap aie Ree Ra HR Nap Ra RTs BORER 28 
ee ee ER eR Tae eee 21 
Mae ANR  ge ecaiasevs a para als aracarstarbcoterecssernine ob 39 
LIGINOKY AACE ABICCHON 4. 6660105055365 6 coeds esis 39 
NE RENNIN S560 for ccin Gains as oe oars eee Berane emer 46 
RRR RRRMNINEREE 5 6.5.5 a's is icp raisins ogia’s wb alate co cain 10 
RUMMRRNMRER S05 cco: cvgsaia yan evsiy ls petals wie nila’ Sielsia eievetataisicfetensis i, 
Se ACO aCe icr erst ade ine 8 
Pe MNEMD Sol, ohana eres ece eaee Gh awe eee 1 
SIN UMRHE OMUNIANS 5: 5c). 4 00-5: 45.6'0 0 see cise rie aeiss oe 53 
ROMAINE MOAUIRTNO. siaiois csotarn ons isiale Sinai oso MeN OS 2 
PUNE CINE cca cis. te GS eee Reee ewe eee 33 
Lo RE GR sere ee eee ee ee eee 84 
WNDU Mo Sak swe Shien wid asaeea sec AwenW Ss ptac mouse 1093 


TABLE VII.—END RESULTS OF INFECTIONS 
No. of cases 


RUIN ert OS tc rat he Bra) oe Ree Se epee 608 
iy EMI os 6 5 en bow S OS SOS 0S SE FRS 543 
WU NN ives rvs sod elesine oa some 65 
Pine SEO 3s os oe sansa ahbeaeo tees 111 
RE RRIEE  g5c cicaWeiiicvengkasawsviauves shaseeaee 223 
IN is Sains Ais ee SA Wis eae a aa ee ome 151 
ME es aot deh late water iatele ees eee als 1093 


terminal event in an otherwise fatal afflic- 
tion. In 11 cases it is not known whether in- 
fection was brought from outside or hospital- 
acquired. 


DISCUSSION 


If these figures are any indication of what 
may be happening in hospitals throughout 
the country, or in the 171 hospitals of the 
Veterans Administration alone, they imply 
a considerable but hardly an alarming por- 
tion of hospital effort is in care of hospital- 
acquired infection. 

Due to lack of reliable earlier data, it is 
impossible to compare present information 
with prestudy experience in the hope of de- 
termining whether all infection is on the 
increase in frequency, type, severity, or as a 
cause of death. For such estimates, decision 
on the basis of clinical impressions would be 
more dangerous than useful. Such a de- 


TABLE VIII.—NATURE AND SITE OF STAPHYLOCOc. 
CUS INFECTIONS IN DECEASED PATIENTS 
No. of Infections 


cases contributed* 

SUIS (osc oe oa ak oe ee raed wees 70 58 
WOU TCCHOR «6a siscccsiesccccc ewes 11 10 
DANSE OCGUDIR foo eoocs ace: sash suc ese as 15 8 
RN EMNEMOND aero cuie win tie s 014s o winesnee es D 4 
Urinary tract infection: ....... 6 63.608: 5 1 
RNIN 55 6908 0 oS 5 ces ya sida tase nsan ecm ota 3 3 
SO CE, Ya aa er Oe 1 0 
ER INATRME Senses 5 cancel oto Ne eae ci 4 1 
Cultures 

RONG Ss creneia eel ne alva a aai ie anes 3 0 

MBE cs 6.ssd asetset teen cue arse nants 9 4 

NMI chee to carcsslen cere oibiareceare hie ere vj 2 

TOMI oid arora nremicey wie we aa wile Maes 1 0 
ee EE RO eaten CI OE at oer 17 4 
UN 255 iar ee te era AE 151 95 (63%) 


*Not necessarily primary cause of death. 


TABLE IX.—SUMMARY 
Entering with Hospital 
—infections— —acquired__ 
No. Percent No. Percent Unknown 


Staphylococcus contribu- 


ted to death... .........0 32 7 52 10 11 
Staphylococcus did not 

contribute to death... 16 4 26 5 14 
Sn aaa 409 89 433 85 100 


Total (1,093 cases)..... 457 S71 125 
cision is unnecessary for efforts at solution 
of the problem in hand. 

Recently, there have been many re- 
minders to all physicians that a readily 
available partial solution to the problem 
exists in reapplication in all areas and func- 
tions of the hospital of attitudes and disci- 
plines that prevailed as measures against 
infectious diseases prior to the advent of 
antibiotic drugs. Real threat exists in per- 
sistence of the antibiotic-inspired philosophy 
that any single instrument, substance, or 
maneuver can obviate all problems and 
need for sincere application of an entire 
program of control measures. The cause or 
causes of infection problems vary from in- 
stitution to institution, and from time to 
time in any one hospital. Housekeeping or 
laundry may be at fault in one situation, 
operating suite or surgical dressing tech- 
niques in another, while a carrier problem 
exists in a third. All of these may be operat- 
ing with additional factors to create difficulty 
in any hospital. Infection control requires 
determination of causes and what make up 
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necessary Maneuvers to combat them, at- 
tributing to each a correct relative impor- 
tance and degree of effort. Broad regula- 
tions cannot apply. 


SUMMARY 


Laboratory. In all cases of suspected in- 
fection, particularly staphylococcal diseases, 
it is desirable to confirm the diagnosis by 
bacteriologic investigation. 

Reliable and uniform laboratory informa- 
tion is requisite in clinical studies of infec- 
tion. In this Veterans Administration study, 
quality of laboratory information was as- 
sured by use of a reference center to establish 
standards and controls. 

Ninety-six to 99 per cent correlation 
among widely separated laboratories can be 
maintained in identification of staphylo- 
cocci, coagulase, and hemolysin as well as 
assays of antibiotic sensitivity when regu- 
lated through a reference laboratory. With- 
out such control correlation is so variable it 
precludes comparisons of clinical data. 

A reference laboratory can distinguish 
very early changes in types and patterns of 
infection as well as sensitivity of organisms 
to treatment. 

The reference laboratory is a training area 
for study hospital staff and general labora- 
tory technicians. 

Bacteriophage typing is not necessary or 
desirable in all infections but should be 
accessible for study and control of local 
epidemics. 

Clinical. Improved recognition of cases is 
an immediate and tangible benefit from a 
study of infections in hospitals. 

Reporting of infections is highly variable, 
requiring understanding and agreement as 
to definition of reportable and significant 
infections in any service, subspecialty, or 
patient care institution. 

Bed by bed rounds to identify infected 
cases are a useful spot check to provide 
baseline data for assaying the presence of 
epidemics or the effectiveness of control 
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measures. It is suggested this be one function 
of a Hospital Infection Committee. 

Approximately half of the infections in 
this study were found on the medical and 
half on the surgical services. In each about 
half of the patients entered the hospital with 
infection, and half were hospital-acquired. 

The frequency of staphylococcus infection 
in a hospital may be a fair index of the total 
reservoir of all bacterial infections in that 
hospital. 

Infection control in a hospital imposes 
an administrative obligation entailing pro- 
fessional supervision at a high authoritative 
level, with intelligent emphasis upon facets 
and factors determined by objective study 
and concrete data to be contributing to the 
individual hospital or service problem. 

No single instrument, substance, or ma- 
neuver can obviate infection or the need for 
sincere application of an entire program of 
control measures. The program must be de- 
veloped with emphasis in correct relative 
proportion on phases of the problem specific 
to each institution. 

CONCLUSION 

Staphylococcus infection is a community 
problem. Badly needed is agreement on 
terms and analysis of limitations in tech- 
niques. For their application in hospitals 
uniformity is requisite, and one must un- 
tangle return to asepsis from results due to 
other control measures. Education becomes 
necessary in accomplishing these things; 
education as to uniformity in terms and 
techniques with their known limitations, but 
above all re-education as to the dignity of 
honesty in recognizing, assessing, and re- 
porting difficulties. 
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A STEP BY STEP INVESTIGATION of the devel- 
opment of the testis and its gubernaculum 
provides a body of data from which the sig- 
nificance of the morphology and topography 
of the organ becomes apparent. Only by 
such a study can one obtain a basis for a 
satisfactory assessment of the variations and 
abnormalities that are often met with in 
these structures. A detailed knowledge of 
the development of the testis is also of inter- 
est because there is a gap between the well 
recognized early stages and the mature 
organ together with its relationship to other 
organs or structures. This study is presented 
in order to clarify certain aspects of the 
structural relationships of the testis and to 
discuss the structure of the gubernaculum 
at different phases in testicular development. 


HISTORICAL 


In the past 200 years, several studies have 
been made of the testis and its descent. 
Galen and Vesalius were acquainted with 
cases showing abnormal positions of the 
testis. Vesalius is credited with being the 
first person to describe the processus vagi- 
nalis testis proprius. Haller, Camper, and 
John Hunter were among the earliest inves- 
tigators who published papers on testicular 
descent. In 1786, John Hunter published an 
extensive work on the testis and presented 
excellent illustrations of the testis and its 
structural relationships. Among the recent 
investigators are Bramann, Lockwood, 
Frankl (4, 5), Felix, and Hart. 


MATERIAL AND METHOD 


Thirty-one specimens of human embryos 
were studied. ‘They ranged from 5 weeks of 


From the Department of Anatomy, School of Medicine, Uni- 
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age to term. The preserved embryos were 
dissected under water, unstained, with or 
without the aid of a dissecting microscope, 
Histologic studies were made on the collec- 
tion of slides in the embryologic collection 
in the Department of Anatomy of the Uni- 
versity of Michigan, School of Medicine, 
Table I gives a brief summary of the differ- 
ent specimens studies. 


DEVELOPMENTAL STUDY 


Origin of testis. The germ cells are first 
noted in the yolk sac of human embryos of 
3 millimeter crown-rump length. ‘The germ 
cells subsequently migrate from this position 
through the dorsal mesentery into the gen- 
ital fold over the mesonephros. 

By the 14 to 16 millimeter crown-rump 
length stage (about 7 weeks of gestation), 
the gonad has differentiated into the testis or 
the ovary. 

There are two theories as to the origin of 
the seminiferous tubules. According to Wil- 
son and Gilman the seminiferous tubules 
develop from primary sex cords while the 
interstitial cells arise from the mesenchyme 
of the gonadial ridge. On the other hand, 
Gruenwald maintains that the seminiferous 
tubules develop “‘from the original gonad 
blastema either by way of the gonadic cords 
or from the mesenchymal stroma of the 
organ.” 

The rete cords first appear in the 10 milli- 
meter embryos and become progressively 
more complex by anastomosing freely. By 
the stage of 100 millimeter crown-rump 
length (about 14 weeks of age), they become 
tubular in form; they unite with the vasa 
efferentia before birth. 

Early and prenatal position of the testis. The 
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genita’) systems make it necessary to review 
the h ehlights in the development of the 
urina' . system. 

In i.e human embryo, the pronephros 
begin. to appear in embryos of 9 to 10 
somit: , or about 3 weeks of age. ‘The pro- 
nephi os develops retroperitoneally and it is 
soon placed by the mesonephros which 
will discussed in greater detail. Pro- 
neph tubules appear late in the third 
week ind they meet, unite, and extend cau- 
dally «0 form the pronephric duct. 

In ‘he 10 millimeter embryo (about 5 
week. of gestation), the mesonephros has 
replaced the pronephros and incorporated 
the pronephric duct which is now to be re- 
ferred to as the mesonephric duct. ‘The 
greatest extent of the mesonephros is from 
the second thoracic vertebral segment to the 
second lumbar vertebral segment. ‘The fold 
of parictal peritoneum over the mesoneph- 
ros has a maximal extent from the fourth 
cervical vertebral segment to the fourth 
lumbar vertebral segment. ‘This mesoneph- 
ric fold covers the ventral aspect of the 
mesonephros and attaches the organ by a 
broad base to the dorsal body wall. 

The formation of mesonephric tubules 
begins in the cephalic pole of the meso- 
nephros and extension of tubule formation 
caudad in sequence along with tubular de- 
generation cephalad. Toward the end of the 
seventh week of gestation (20 to 22 mm. 
C.R.L.) the mesonephros attains its greatest 
bulk and thereby pushes its peritoneal cov- 
ering into the abdominal cavity. The meso- 


nephros does not occupy the entire length of 
the mesonephric fold. The cranial portion of 


the mesonephric fold extending from the 
mesonephros to the pleuroperitoneal fold 
can be called the diaphragmatic fold of the 
mesonephros. 

By the fourth week (5 mm. embryo 
C.R.L.) the genital fold (parietal peritone- 
um on the ventral surface of the germ cells 
which migrated to and congregated upon 
the mesonephros) extends from the fifth or 
sixth thoracic vertebral segment to the tenth 
thoracic vertebral segment. In the 7 milli- 


TABLE I.—EMBRYOS AND SLIDES 


CR. 
Length, Age, 
Ell. mm, weeks Remark 
56 10 5 Slide. Microscopic analysis of the 
gubernaculum 
453 17 6°/; Slide Microscopic analvsis of the 
gubernaculum 
563 22 7 Gross dissection for measurements 
of testis and gubernaculum 
164 24 72/7 Slide. Microscopic analysis 
843 26.5 7/3 Gross dissection for measurements 
of testis and gubernaculum 
156 x0 8 Slide. Microscopic analysis 
515 32 8!/; Gross dissection. Measurements 
785 35 84/, Slide Microscopic study 
487b 37 8°/, Gross dissection. Illustration and 
measurements 
17p 39 9 Slide. Microscopic study 
561 42 92/; Gross dissection. Measurements 
535 51 9°/; Gross dissection. Measurements 
370a 53 10 Slide. Microscopic analysis 
554 56 10*/; Gross dissection. Illustration and 
measurements 
471 63 11 Gross dissection. Measurements 
208 77 12'/; Gross dissection. Measurements 
320 90 12/7 Gross dissection. Measurements 
209 91 13!/; Gross dissection. Measurements 
891 97 14 Gross dissection. Illustration and 
measurements 
182 99 134/; Gross dissection. Measurements 
145L 104 142 7 Slide Microscopic study 
364a 115 15 Slide. Microscopic analysis of the 
gubernaculum 
332 120 15°/; Gross dissection. Measurements 
210 145 17'/, Gross dissection. Measurements 
30 145 17'*/7 Slide. Mic roscopi« analysis 
532 155 17°/3 Gross dissection. Measurements 
518 160 184/; Gross dissection. Measurements 
31 180 20°/; Slide. Microscopic analysis 
593 185 20°/; Gross dissection. Measurements 
747 225 27°/7 Gross dissection. Illustration and 
measurements 
923 380 397/; Slide. Microscopic analysis of the 


gubernaculum 


meter embryo (about the end of the fourth 
week of age) two grooves appear on the 
medial and lateral sides of the gonad and 
separate it from the mesonephros. The 
grooves progressively deepen until the gonad 
is essentially suspended from the meso- 
nephros by a relatively narrow mesorchium 
(Fig. 5a). 
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Fic. 1. Gross dissection of 37 millimeter embryo (be- 
ginning of ninth week) illustrating the intraperitoneal 
position of the testis, the diaphragmatic ligament, and 
the inguinal ligament of the mesonephros. 

Fic. 2. Gross dissection of 56 millimeter embryo 
(eleventh week) showing the relationships of the plica 
vascularis, the diaphragmatic ligament of the meso- 
nephros, the vas deferens, the inguinal ligament of the 
mesonephros, and the processus vaginalis. 


Since the gonad does not occupy the en- 
tire extent of the mesonephros, the meso- 
nephric fold presents these parts: (1) the 
pregonadal portion which is cephalic to the 
cranial tip of the testis; (2) the gonadal por- 
tion which lies dorsal to the main bulk of the 
testis; and (3) the postgonadal portion 
which extends to the cloacal region and is 
caudal to the distal tip of the testis. These 
various parts of the mesonephric fold pro- 
ject into the abdominal cavity. As the meso- 
nephric tissue degenerates, it forms strands 
of connective tissue and residual meso- 
nephric tissue. In the pregonadal area this 
strand may be called the diaphragmatic lig- 
ament of the mesonephros; it lies within the 





diaphragmatic fold of the mesoncphros 
(Fig. 2). 

In an embryo of 56 millimeter ¢yowp- 
rump length (tenth week), the tes!icular 
vessels have developed, arising from ) « aor. 


ta at about the first lumbar vertebra! level, 
Although Lockwood refers to the dia. jirag- 
matic ligament of the mesonephros | the 


plica vascularis since he believes tl \t the 


ligament becomes the peritoneal fol over 
the testicular vessels, the plica vas «laris 
(i.e., the peritoneal fold over the te: cular 
vessels) and the diaphragmatic liga: ‘nt of 
the mesonephros can be seen clearly y the 


tenth week (Fig. 2). It thus seems cle.» that 


the plica vascularis should be consid: ed as 
distinct from the diaphragmatic ligai ‘nt of 
the mesonephros. By the thirteent! week 


(90 mm. embryo C.R.L.) the diaphra: natic 
ligament has disappeared. 

With degeneration of the meson 
the gonadal part of the mesonephr:. fold 


hros 


becomes thinner to such a degree that «| can 
be considered to be the body wall part «f the 
mesorchium (Fig. 5b). Because of the close 


proximity of the testis to the meson«phric 
tubules, some of the tubules become co: nect- 
ed with the rete cords and the meson«phric 
duct becomes the passage for sex cells. The 
mesonephric tubules cephalad to the testis 
regress and remnants are often encountered 
as the appendix of the epididymis. The 
ductuli efferentes or vasa efferentia are the 
mesonephric tubules which unite wit! the 
rete cords. The ductuli efferentes lead into 
the ductus epididymidis which is the proxi- 
mal convoluted portion of the mesonephric 
duct. The ductuli efferentes and the cluctus 
epididymidis collectively are referred to as 
the epididymis. The ductus deferens is the 
distal portion of the mesonephric duct 
which after reinforcement with smooth 
muscle empties through the ejaculatory duct 
into the urethra. The mesonephric tubules 
below the level of the testis form the para- 
didymis. 

The testis at 7 weeks of age (about a 
mm. C.R.L. embryo) is thus suspended 
from the mesonephros by the mesorcl:ium. 
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With degeneration of the gonadal portion of 
the mce-onephros, the mesorchium which 


attache. the testis to the mesonephros can be 
regard«'| as having been lengthened by the 
thinnin . of the mesonephric fold. ‘This mes- 
orchiur: contains the epididymis, the ductus 
deferer).. the paradidymis, the appendix of 
the epiidymis, and dense strands of con- 
nective tissue. It provides the pathway 
throug’. which blood vessels reach the testis. 
The st: nds of young connective tissue with- 


in the mesorchium and within the testis 
proper blend with the cephalic portion of 
ithe mesenchymatous tissue within the post- 
gonada! portion of the mesonephric fold. 
The degeneration of the mesonephros and 
the suspension of the testis from the dorsal 
abdominal wall cause the testis to become 
an intraperitoneal organ. Gross dissection of 
a 37 millimeter embryo (at the beginning of 
the ninth week) illustrates this statement 
(Fig. 1). 

Gross dissection of a 22 millimeter em- 
bryo (about seventh week of gestation) re- 
veals the postgonadal fold of the meso- 
nephros (which can be called the inguinal 
fold of the mesonephros) extending from the 
distal tip of the gonad to the anterior ab- 
dominal wall at the level of the fourth lum- 
bar vertebral level. Medial and slightly dor- 
sal to the caudal end of the mesonephros is 
the mesonephric duct (vas deferens) curving 
medially and ventrally toward the posterior 
aspect of the bladder. This basic relation- 
ship persists until the time the testis de- 
scends into the scrotum (at about the 
twenty-eighth week or just before birth) 
with some quantitative changes at the re- 
gion of the inguinal fold of the mesonephros. 
The caudal tip of the mesonephros within 
the inguinal fold of the mesonephros reaches 
the anterior abdominal wall prior to the 
differentiation of the abdominal muscula- 
ture which can be first identified in an 11 
millimeter embryo (about 5 weeks of gesta- 
tion). With the degeneration of the post- 
gonadal mesonephros, there is developed 
the inguinal ligament of the mesonephros 
which lies within the inguinal fold as did 
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Fic. 4. 


Fic. 3. Gross dissection of 97 millimeter embryo 


(fourteenth week) demonstrating the scrotal ligament. 
At the caudal end it fans out attaching to the pubic 
tubercle and crest, the connective tissue at the root of the 
penis, the membranous layer of the subcutaneous con- 
nective tissue of the perineum, and the fascia lata of the 
femoral triangle. 

Fic. 4. Gross dissection of 225 millimeter embryo 
(about twenty-eighth week of gestation) showing the 
processus vaginalis as a sac extending to the external ab- 
dominal oblique aponeurosis lying ventral to the inguinal 
ligament of the mesonephros. 


the diaphragmatic ligament. By the begin- 
ning of the ninth week (37 mm. C.R.L.) 
the inguinal ligament can be demonstrated 
in a gross dissection (Fig. 1). The inguinal 
ligament of the mesonephros extends into 
dense mesenchymatous tissue in the region 
of the future external abdominal aponeuro- 
sis. When the abdominal musculature be- 
gins to differentiate, it surrounds the ingui- 
nal ligament of the mesonephros. ‘The trans- 
versus abdominis muscle is completely in- 
terrupted. However, the internal abdominal 
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oblique muscle layer, in spite of being 


pierced by the inguinal ligament, gives off 


skeletal fiber bundles which surround and 
blend with the inguinal ligament of the 
mesonephros (Fig. 6a). 

The scrotum. Spaulding states that the 
genital swellings become distinguishable in 
the 19 millimeter human embryo (early 
seventh week of age). By the stage of 24 
millimeter crown-rump length one can see 
microscopically a condensation of the mes- 
enchymal cells of the genital fold. The 
cephalic end of this ligament attaches to the 
external abdominal aponeurosis directly op- 
posite the attachment of the inguinal liga- 
ment of the mesonephros. Its caudal end 
blends with the subcutaneous mesenchymal 
condensation of the genital fold. The 
genital fold become the scrotum; 
therefore, this ligament is called the scrotal 
ligament. 

By gross dissection of an embryo of 97 
millimeter crown-rump length (fourteenth 
week) one can demonstrate the scrotal liga- 
ment clearly. At the caudal end it fans out 
attaching to the pubic tubercle and crest, 
the connective tissue at the root of the penis, 
the membranous layer (Colles’ fascia) of 
subcutaneous connective tissue of the peri- 
neum, and the fascia lata of the femoral tri- 
angle. ‘This relationship agrees with the 
reported findings of Lockwood, Felix, Mosz- 
kowicz, and Wyndham; it is in contradic- 


will 
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Fic. 5. a, Cross section of 17 millimeter en 0X4) 
(EH 453), showing grooves of the testis. b, nsvers 
section of 24 millimeter embryo, * 42 (EH 164 showiny 
degenerating mesonephros, mesorchium, anc raperi- 
toneal testis. 
tion with the results of Bramann, K  :atsch, 
Frankl (5), R. Hunter, Forssner, anc \Vells. 
Thus, although the testis is suspend: | by a 
mesorchium within the peritoneal c. vity, ij 
is connected to the membranou- laye: 
(tunica dartos scroti) of the scrotal fo d by a 
continuous ligamentous structure, the suber- 
naculum testis, composed of the i: guinal 
ligament of the mesonephros and the scrotal 
ligament (Fig. 3). 

The processus vaginalis. The process's vag- 
inalis was first noted in an embryo of 22 
millimeter crown-rump length as a «imple 
on the ventral aspect of the inguin! liga- 
ment which gradually becomes deeper and 
larger in diameter. In the 37 millimeter em- 
bryo (Fig. 1) the processus vaginalis begins 


as a dimple ventral to the attachment of the 
inguinal ligament of the mesonephros to the 
ventral abdominal wall. By the nintli week 
(40 mm. C.R.L.) the position and appear- 
ance of the processus vaginalis are very clear 
An embryo of 56 millimeter crown-rump 
length (eleventh week of age, Fig. 2) shows 
the relationships of the plica vascularis, the 
diaphragmatic ligament of the mesonephros. 
the vas deferens, the inguinal ligament of the 
mesonephros, and the processus vaginalis. 
By the stage of 225 millimeter eimbryo 
(about twenty-eighth week of gestation) 1! 
is a sac extending to the external abdominal 
oblique aponeurosis lying ventral to ()ve in- 
guinal ligament of the mesonephros (1:3. 4) 
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the inguinal ligament, the processus vaginalis 
forms a crescentric sac over the ventral as- 
pect of the inguinal ligament. Cranially the 
line of reflection between the parietal and 
visceral mesentery-like suspension is closer 
together, but distally it is more widely 
separated. 

STRUCTURAL RELATIONSHIP 

Prenatally, the testis occupies a position 
comparable to the ovary. Above, the testis 
is bounded by the bifurcation of the common 
iliac vessels and below by the inguinal liga- 
ment. Dorsally and slightly inferior to the 
testis lies the inguinal ligament of the 
mesonephros. 

From the hilus of the testis, the vas defer- 
ens runs medialward to the back of the blad- 
der crossing the umbilical (internal iliac) 
artery and ureter on their anterior aspect. 
[he vas deferens receives a vascular twig 
irom the umbilical artery as it crosses at the 
vessel, 

The vascular supply of the testis is by way 
of the testicular artery which arises from the 





It forms an invaginated serous covering of 


ihe inguinal ligament. In a cross section of 
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Fic. 6. a, Cross section of 24 millimeter embryo, X 28 
(EH 164), showing the internal abdominal oblique 
muscle giving muscle fibers to the inguinal ligament of 
the mesonephros. b, Frontal section of 115 millimeter 
embryo, X 34 (EH 364a), at level of the inguinal liga- 
ment of the mesonephros (.4/). c, Longitudinal section of 
the scrotal ligament (L) of 115 millimeter embryo, X 34 
(EH 364a), showing strands of fibrous connective tissue. 
d, Transverse section of the gubernaculum at term, X 34 
(EH 923), showing dense, fibrous connective tissue, 
mucoid-appearing cells, and a few blood vessels (B). 
e, Longitudinal section of the scrotal ligament of 24 
millimeter embryo, X 34 (EH 164), showing condensa- 
tion of young mesenchymal cells (C). 


abdominal aorta below the renal artery. 
The testicular artery runs retroperitoneally 
to the epididymis and testis. It crosses the 
ureter and gives a twig to it. The testicular 
vein on the left empties into the renal vein 
while on the right side, it is a tributary of the 
inferior vena cava. 

The inferior epigastric artery (a branch 
of the external iliac artery) lies just medial 
to the inguinal ligament of the mesonephros 
to which it sends a twig. 

DESCENT OF THE TESTIS 

Quantitative data. Although from the study 
of these specimens no conclusions can be 
drawn as to the causative factors in the de- 
scent of the testis and the role of the guber- 
naculum in this phenomenon, it seemed 
worthwhile to make quantitative measure- 
ments of the structures involved. Table II 
presents the quantitative data. 

Often one finds statements that the guber- 
naculum “shortens relative to the whole 
body.” A graph of the length of the entire 
gubernaculum, as well as of the inguinal 
ligament of the mesonephros and the scrotal 
ligament (Fig. 7), shows strikingly that the 





TABLE II. 


Testis, mm. —_ 


At erage 
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Length of 


DIMENSIONS OF TESTIS AND GUBERNACULUM AT VARIOUS AGES 


—~Gubernaculum, mm. 
Greatest Percent of LL.M. 
diameter of length to 


CRA. Length diameter ing. lig. meso. ing. lig. meso. diameter Tis 
22 3.4 0.6 0.5 <0] > 
26.5 3.6 0.6 0.6 <0.1 > 
32 3.2 0.8 0.8 0.1 12.8 ) 
a7 2.8 0.8 0.8 0.1 12.5 | 
42 2.8 1.1 0.9 0.2 22.2 
51 3.1 1.0 1.1 0.4 36.3 - 
56 2.9 1.4 1.3 0.5 38.4 , 
63 3.8 1.6 1.4 0.5 bf 
7 3.7 1.6 2.8 0.8 28.5 
90 3.4 1.9 3.0 1.0 33:3 
91 4.5 24 3:2 1.2 37.5 7 
97 4.5 oA 3.5 je Ta | 
99 3.3 2.0 3.5 0.9 20.7 
120 5.0 YA 4.7 1.2 25.5 1 
130 5.4 2.5 5.5 1.6 29.0 1 
140 5.7 20 7.1 1.9 26.7 1 
155 5.8 2.6 8.7 2:2 25.3 17 
185 7.3 4.3 12.1 yas 22.3 »? 
225 7.9 53 14.0 4.6 32.8 


gubernaculum does not shorten relative to 
the whole body. Rather, the length of the 
gubernaculum up to the time of its final 
descent into the scrotum increases relatively 
faster than does the body as a whole. The 
fact that the gubernaculum increases in 
length relatively faster than does the crown 
—rump length of the embryo stands in con- 
trast to the length of the testis, which during 
this period from the seventh to the twenty- 
eighth week, increases linearly with respect 
to the body length. 

The inguinal ligament of the mesonephros 
becomes relatively and progressively more 
slender up to the 185 millimeter stage; its 
greatest diameter being 12 per cent at 32 
millimeters and only 22 per cent at 185 mil- 
limeters (Table I1). The increase in relative 
thickness of the gubernaculum at the 225 
millimeter stage is in agreement with the 
findings of Wyndham who reported that 
at about the 20 centimeter stage, the guber- 
naculum becomes greatly enlarged. 

The final descent of the testis occurs at 
the beginning of the twenty-ninth week of 
age. During the descent of the testis, the 
abdominal musculature evaginates; thus 
contributing coverings for the testis and its 
associated structures. The innermost cover- 
ing of the testis is the tunica vaginalis testis 
comprised of visceral and parietal layers. ’The 





visceral layer is the original periton: 


COV\V- 
ering of the testis prior to its descen while 
the parietal layer is the wall of the pr. vessus 
vaginalis. The next covering is the i: ‘ernal 
spermatic fascia (contributed to the 
transversalis fascia of the abdomin. cav- 
ity). 

The internal abdominal oblique .uscle 
gives rise to the cremasteric musc!. and 
fascia which envelop the testis like « sling 
and function to raise or lower the vland. 


The external spermatic fascia is derived 
from the aponeurosis of the external ab- 
dominal oblique muscle. The last special- 
ized covering of the testis and its associated 
organs is the tunica dartos scroti which is 
continuous above with the membranous and 
fatty layers of the subcutaneous tissue of the 
anterior abdominal wall and below with 
the membranous layer (Colles’s fascia) and 
fatty layer of the perineum. This is the basic 
relationship seen in the descended testis 


(Fig. 8). 


MICROSCOPIC 
LUM TESTIS 


ANALYSIS OF THE GUBERNACU- 

Since the gubernaculum testis is com- 
posed of two parts, the inguinal ligament o! 
the mesonephros and the scrotal ligaiment. 
histologic study of the structures will illus- 
trate the changes noted in the organ. Ina 
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In mn 
Fic. 7 


24 millimeter embryo (eighth week) a cross 
section through the inguinal ligament of the 
mesonephros shows rich vascular network, 
young mesenchymal cells, mesonephric tu- 
bules and glomeruli, intrinsic smooth muscle 
fibers and skeletal muscle fibers—appro- 
priated from the internal abdominal oblique 
muscle (Fig. 6a). By the fifteenth week of 
age (115 mm. embryo) the inguinal liga- 
ment of the mesonephros has lost some of 
its vascularity and there are few remnants 
of mesonephric tubules and glomeruli. The 
mesenchymal cells are, by this stage, more 
abundant and there is an increase in the 
smooth muscle and skeletal muscle fibers 
(Fig. 6b). The scrotal ligament changes 
from a condensation of young mesenchymal 
cells in a 24 millimeter embryo (Fig. 6e) 
to moderately dense strands of fibrous con- 
nective tissue in a 115 millimeter embryo 


(Fig. 6c). In the term fetus, it consists of 


dense, fibrous, connective tissue and mu- 
coid-appearing cells as illustrated in Figure 
6d. 





Fic. 7. Graph showing relationship of components of 
gubernaculum testis in embryos of varying sizes. Hori- 
zontal hatching represents length of scrotal ligament. 
Vertical hatching represents length of inguinal ligament 
of mesonephros. o, Length of inguinal ligament of 
mesonephros. +, Length of gubernaculum. 

Fic. 8. Schematic representation of the descended 
testis and its coverings. 


SUMMARY 

1. The development of the testis begins 
retroperitoneally, but with growth of the 
testis and degeneration of the mesonephros, 
the testis becomes an intraperitoneal organ; 
it is then completely peritonealized and pos- 
sesses a mesorchium through which vessels 
and nerves reach it. 

2. The gubernaculum is composed of two 
essential parts: (a) the inguinal ligament of 
the mesonephros; and (b) the scrotal liga- 
ment. 

3. The gubernaculum testis is attached 
superiorly to the proximal tip of the vas 
deferens and distally to: (a) the pubic 
tubercle and crest, (b) the fascia lata in the 
femoral triangle, (c) the inguinal ligament, 
(d) the membranous layer of subcutaneous 
connective tissue (Colles’ fascia) of the 
perineum, and (e) the tunica dartos scroti. 

4. The largest strand of the gubernaculum 
testis goes to the scrotum. 

5. Microscopically, the gubernaculum 
testis is composed of: (a) a rich vascular net- 
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work, (b) young and dense mesenchymal 
cells, (c) intrinsic smooth muscle fibers, 
(d) skeletal muscle fibers contributed to by 
the internal abdominal oblique muscle, and 
(e) dense, loose, and mucoid connective 
tissue. 

6. All the aforesaid components of the 
gubernaculum testis are not seen at every 
age. 

7. The intraperitoneal position of the 
testis and its anatomic relationship to ad- 
jacent structures are discussed. 

8. Up to the time of descent of the testis 
into the scrotum, the lengths of both the 
scrotal ligament and the inguinal ligament 
of the mesonephros are found to increase 
more rapidly than the crown-rump length 
of the embryo or the length of the testis 
itself. 

9. The anatomic position of the finally 
descended testis and its coverings derived 
from the abdominal musculature and the 
subcutaneous tissue of the genital fold are 
described. 
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ELECTIVE EXTRAPERITONEAL 


CES\REAN SECTION 


nation must remain a matter for concern, 
despite limited spill at the time of classical 
or low cervical cesarean section, even though 
modern antibiotic therapy is utilized. There 


RAPH \EL B. DURFEE, M.D., F.A.C.S., Portland, Oregon 
ELECTIVE extraperitoneal cesarean section 
ereatl, increases the safety of operative de- 
livery :nd eliminates the usual postoperative 
complications and discomforts. ‘The elective 
use of ‘he procedure is usually reserved for 


demonstrations and teaching purposes. Or- 
dinarily, the primary application of the 
principle of the extraperitoneal approach to 
the lower uterine segment has been in cases 
of overwhelming uterine infection. The indi- 
cations for the operation have been extended 
recently to include those obstetric cases in 
which there is potential, if not actual, infec- 
tion—in spite of the widespread use of anti- 
biotics in modern obstetrics. ‘his study is 
presented to indicate the need and the value 
of the extraperitoneal cesarean section as an 
elective procedure. ‘This is a definite depar- 
ture from the usual role of the operation in 
the face of severe intrauterine 
during labor. 

The extraperitoneal cesarean section is an 
old operation, performed by the progressive 
surgeons of the 1800 and 1900's in an effort 
toreduce the impossibly high maternal mor- 
tality from infection at the time of cesarean 
section. he prevention of gross contamina- 
tion of the peritoneal cavity, therefore, has 
been the goal and success of the procedure. 
The use of antibiotics, while reducing the 
complications of infection in obstetrics im- 
measurably, has not entirely removed the 
risk of such infections from various obstetric 
operative procedures. There are those in- 
lections which do not respond well to anti- 
biotic therapy and there are increasing num- 
bers of patients who cannot tolerate the 
antibiotic agents or who rapidly become 
sensitized to them. Intraperitoneal contami- 


infection 


From the Department of Obstetrics and Gynecology, Univer- 
sity of Oregon Medical School, Portland, Oregon. 


is, therefore, a definite need for an extra- 
peritoneal procedure beyond mere academic 
interest. Many other postoperative compli- 
cations are obviated by not entering the 
peritoneal cavity. 

Spillage of amniotic fluid and large quan- 
tities of blood, both clotted and unclotted, 
is insulting to the peritoneum, even when 
these fluids are not contaminated. The elec- 
tive extraperitoneal cesarean section is pro- 
posed, then, not only for primary elective 
operative cases, but also for repeated cesar- 
ean sections. 

In no instance has labor been involved 
in the following cases. The indications in 
48 primary cases were: placenta previa with 
hemorrhage in 5, placenta abruptio in 
absolute pelvic contraction in 7 


previous 
obstetrical disaster in 4, previous extensive 
vaginal repair in 3, prolapsed cord with 
living child in 3, breech presentation in 
elderly primipara in 3, severe psychosis in 4, 
severe diabetes mellitus in 4, hydrocephalic 
infant in 2, coma with high fever in 1, and 
pelvic tumor in 5. The indications in the 77 
secondary cases were: first repeat or second 
cesarean section in 62, second repeat or 
third cesarean section in 12, third repeat or 
fourth cesarean section in 2, and fourth re- 
peat or fifth cesarean section in the final 
patient. 

In each of these indications, the decision 
that a trial of labor would not be permitted 
was made on clinical considerations and 
circumstances existing at the time of each 
obstetric The placental acci- 
dents were all accompanied by severe hem- 


situation. 
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Fic. 1. A, Properitoneal fat overlying the parietal peri- 
toneum. B, The lower uterine segment with the present- 
ing fetal part. C, The bladder and its left lateral edge. 
D, The fine layer of fascia overlying the lower uterine 
segment. /£, The obliterated hypogastric artery. /, The 
large dilated vessels and fat along the lateral border of 
the uterus. 


orrhage without onset of labor in the pres- 
ence of an uneffaced and undilated cervix. 
The psychotics were operated upon at the 
behest of psychiatric consultants. The repeat 
cesarean sections were done in accordance 
with the concept: ‘‘Once a section, always a 
section.” The operations effected for hydro- 
cephalus of the infant involved religious 
precepts of a philosophic nature with aver- 
sion to damage to the fetus. The patient in 
a coma of unknown cause was operated 
upon on the eighty-fifth day of coma and 








Fic. 2. Fritsch retractor, anterior and lateral views. 


the third day of a feverof over106 degrees F, 
The patients with pelvic tumors or who were 
to have tubal ligation were operated \ipon 
by the extraperitoneal approach wit!; the 
knowledge that immediately after ces: rean 
section the peritoneal cavity would by en- 
tered for removal of the neoplasms «> for 
tubal ligation in a clear field. 


METHOD 


The technique employed is discuss. d in 
detail to emphasize those points which : \ade 
this modification of the Norton tech: ique 
feasible and to describe the importa: e of 
detail and anatomy. 

1. A transverse abdominal incisi: 1 is 
made. 

2. The fascial incision is carried lat: «ally 
approximately 4 centimeters beyonc the 
outside border of the rectus muscle on oth 
sides. 

3. The recti are separated from the | .\scia 
forward to the pubis and approximat: ly 6 
centimeters toward the umbilicus. 

4. The recti are then separated fro: the 
peritoneum and bladder inferiorly through- 
out the extent of the dissection. 

This wide dissection under the skin pro- 
vides sufficient space for the removal o/ the 
child, making a difficult operation consider- 
ably easier. 

5. The area to the left of the bladder is 
explored by blunt dissection and the space 
of Bogros is exposed. 

6. The following anatomic landmarks are 
now identified (Fig. 1): (a) properitoneal 
fatoverlying the parietal peritoneum; (1) the 
lower uterine segment with the presenting 
fetal part; (c) the bladder and its left lateral 
edge; (d) the fine layer of fascia overlying 
the lower uterine segment; (e) the obliter- 
ated hypogastric artery; (f) the large dilated 
vessels and fat along the lateral border of 
the uterus. 

7. In this dissection, the obliterated hypo- 
gastric artery often is pulled cephalad with 
the peritoneal fold. In the original Norton 
procedure, the obliterated hypogastric ves- 
sel was pulled toward the midline wit): the 
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Fic. 3. 





Fic. 4. 


Fic. 3. The bladder is now gently retracted medially with the fingers. A, Parietal peritoneum. 
B, Posterior peritoneal fold. C, Bladder. D, Lower uterine segment. FE, Obliterated hypogastric 
artery. /, Fatty tissue and large vessels in the lateral pelvic space. Inset, Method of dissecting 


with finger-tip. 


Fic. 4. Further progression in the blunt dissection of the area. A, Parietal peritoneum. B, Posterior 
peritoneal fold. C, Bladder retracted laterally. D, Lower uterine segment. FE, Obliterated hy- 
pogastric artery. /, Fatty tissue and large vessels in the lateral pelvic space. 


bladder. This variation in technique yields 
three fundamental advantages: (a) protec- 
tion of the thin peritoneum; (b) protection 
of the left lateral uterine vessels; (c) im- 
proved anatomic exposure of the uterine 
fascia. 

This latter point is especially important 
in those instances when there is a low-lying 
peritoneal fold, and is particularly helpful 
in the elective operation in which there has 
been no labor to thin out the tissues of this 
area. The process of labor pulls the peri- 
toneal fold cephalad as the lower segment 
thins and expands. This usually is not ap- 
parent in the elective situation. 

8. Proper retraction of the recti and ante- 
rior abdominal wall fascia and skin bilater- 
ally is most important at this point. 

The Fritsch retractor is ideal (Fig. 2). It 
is wide, curved, and has a deep, flat lip. 
The intelligent use of this retractor through- 
out the operation by both surgeon and 
assistant makes the execution of the pro- 
cedure much easier. 

9. The bladder is now gently retracted 
medially with the fingers (Fig. 3). It is ad- 


vanced toward the right side and teased 
from the superficial fascia of the lower uter- 
ine segment. At this time, the bladder is 
separated from the parietal peritoneum. 
Division of the urachus at this point often 
facilitates this part of the dissection. ‘The 
peritoneal fold is freed from the posterior 
vesical wall almost entirely by blunt dissec- 
tion. There is a great deal of variation in 
the way this step can be accomplished and 
care must be taken not to perforate either 
the bladder wall or the peritoneum with the 
fingers (Fig. 4). Sharp dissection is not 
recommended because it increases these 
possibilities. 

10. The bladder is retracted to the right 
side and a small, very superficial incision is 
made transversely in the fascia overlying 
the lower uterine segment (Fig. 5). This is 
then extended laterally in both directions 
providing space for insertion of the retractor 
blade under it, making a wider dissection 
(Fig. 6). The bladder and peritoneum are 
now superior to the tissue plane. 

This is the most important step, since it 
furnishes excellent protection for the bladder 
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Pic.. 5. 





Surgery, Gynecology & Obstetrics » February 1960 





Fic. 6. 


Inset, Method of making an incision in the superficial uterine fascia. Main illustration, 


Method of enlarging the fascial incision with a curved scissor. 

Fic. 6. Inset, Method of extending the fascial incision. Main illustration, Extension of the fascial 
dissection utilizing the Fritsch retractor. Shows the next step in extension of the dissection enlarg- 
ing the operative field. A, Superficial uterine fascia. B, Lower uterine segment. C, Edge of posterior 


peritoneal fold. D, Fritsch retractor. 


and the peritoneum. It allows for traction 
and dissection and eliminates undue direct 
pressure against either of these structures. 
Whenever speed is mandatory, this maneu- 
ver greatly reduces the dissection time. Oc- 
casionally, the bladder is freed from the 
underlying tissue without coming into con- 
tact with the peritoneal fold at all. 

11. The bladder is again tucked under the 
lip of the retractor on the right (with the 
afore-mentioned fascia) and the retractor 
on the left is also put on traction (Fig. 7). 
The uterine segment is thus well exposed by 
using the retractors to facilitate the extension 
of the fascial incision. 

12. A small transverse incision is made in 
the lower uterine segment wall (Fig. 8). 
This is extended bilaterally by finger traction 
until there is sufficient space for the ex- 
traction of the infant. ‘The membranes are 
ruptured if intact, and the baby is delivered 
spontaneously, or with a special cesarean 
section forceps or vectis. Removal of the re- 
tractors from the wound often makes ex- 
traction of the child easier, especially in 
cases in which there has been previous sur- 
gery with formation of a heavy scar. 


13. From this point on, the procedure | c- 
sembles the usual cesarean section. Aj cr 
closure of the uterine incision, the bliad 
der is returned to its usual position and need 
not be sutured to be held in place. No draiiis 
are required. The bladder may be distended 
by methylene blue solution for inspection of 
possible damage to its wall—but this is not 
routinely necessary. 

14. The abdominal wound is closed in thie 
usual manner with catgut sutures, but sub- 
cuticular No. 32 steel wire is employed in thie 
skin. The rapidity of closure is facilitated by 
not having to suture the usual double laycr 
of peritoneal tissue. 

It has been traditional to leave an inlying 
catheter in the bladder connected toa Y tube 
for filling on occasion with sterile water or 
methylene blue, but this is not necessary. 
It is important that the bladder be empty. 
however. Therefore, an inlying catheter is 
placed in the bladder before surgery is be- 
gun. 

The most important point in this tec!:- 
nique is the utilization of the superfici:! 
fascia of the lower segment by a transve1 
incision. By making a small incision in this 
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Fic. 7. 





Fic. 7. A, Superficial uterine fascia. B, Lower uterine segment. 
Fic. 8. Small transverse incision in the lower uterine segment wall. 4, Lower uterine segment. B, 


The incision. C, Fetal membranes. 


tissue and widening it, the following im- 
provements are added: (1) less possible 
damage to blood vessels; (2) protection of 
the bladder and ureter; (3) protection of the 
peritoneal fold; (4) increased area for de- 
livery of the child; (5) marked reduction in 
operating time and simplification of dis- 
section; (6) increased adaptability of use 
to the low-lying, the scarred, and the ob- 
literated peritoneal fold. 

The extended dissection for exposure of 
the lower uterine segment is done in a tissue 
plane below the visceral peritoneum, as well 
as the bladder. The extension of the fascial 
dissection in order to attain this exposure is 
accomplished by: (1) blunt, wide dissection 
with the fingers; (2) sharp dissection by knife 
and scissors, only if there is considerable 
scarring from a previous cesarean section; 
(3) rapid spreading of the tissues by insertion 
of the retractor lip, followed by lateral trac- 
tion—which is especially useful in situations 
in which the operator must move very 
quickly. 


ANESTHESIA 


Except when specifically contraindicated, 


spinal anesthesia has been the method of 


choice for cesarean section in this series. The 


maximum relaxation it affords facilitates the 
extraperitoneal dissection and provides more 
available space for removal of the child. ‘To- 
gether with superior relaxation, it insures 
minimal depression of the child. ‘This is most 
important, because very often the indication 
for the cesarean section is one in which the 
child is in jeopardy. (The fetal depression 
arising from most prolonged general anesthe- 
sias does not contribute to maintenance of 
the fetal ideal.) Furthermore, spinal anesthe- 
sia allows for maximal uterine tonicity with 
noticeable reduction of blood loss. Spinal 
block was used in all but 
and in no instance, did any _postspinal 
complication arise to interfere with the post- 


- 


operative course. Four of these 7 were done 


7 of these cases, 


under general anesthesia, without obvious 
depression of the child. This fact is sig- 
nificant, in that there were no undue 
anesthetic effects upon the infant by pro- 
longed time from skin incision to clamping 
of the fetal cord. Speed was of utmost im- 
portance in these cases, as well as in those 
cases of severe uterine hemorrhage. ‘The 
same was true in the cases of prolapsed cord 
and in the 1 operation performed under no 
anesthesia, in which the patient was in a 
coma. 








especially when general anesthesia is used, 
One may well visualize the added e ‘fect 


of a prolonged operation, together ith 
the depressing action of prolonged ane-ihe- 
sla, on an already anoxic fetus and a: al- 
ready exhausted mother. It is easy t. see 
how and why the valid criticism of >ro- 
longed time for the operative proce: ure 
came about. 
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TABLE I.—RESULTS 
Fetal Maternal 
Mortality. ....... 5 nt a ere 0 
Hydrocephalic infant z 
Placenta abruptio 2 
Hyaline membrane 
ROPAUR Sos0 sine 1 
MOPDIGICY:...656 sides 2 DRGTIOION EY ois ed. sis ase ncane 5 
Hyaline membrane Febrile, in coma at 
PAR ciciwnoweccue ane OPErAON... 665000: 1 
Hydrocephalus......... 1 Urinary tract 
MROMIB sce cceane 
PNM ee a ccce Minto 1 


TABLE II.—POSTOPERATIVE OBSERVATIONS 


Elective 
peritoneal 
Successful entry Failure 
(105) (11) (9) 

Ambulation within 24 hours.... 104 7 5 
Catheterized after 24 hours..... 20 4 1 
olying catheter os... ose sais 1 1 1 
PCDATIC CONIBE Soo. soa SK SE's 2 1 0 
Regular diet and fluids, 8 hours.. 104 6 4 
Repeated enemas in 

postoperative course......... 4 9 6 
Postoperative distention; “‘gas 

BRENR 5056 oes es iiis ars Z 10 5 
Postoperative vomiting and ileus 0 1 1 
Wound infection or drainage.... 0 0 0 
Average number of injections for 

pain—100 milligrams demerol.. 3 6 5 
Average postoperative day for 

ROREPNIER ANS os Seasons Sn eines 5 8 7 
Patient reaction (improved 

postoperative comfort)....... 73 2 5 


OPERATING TIME 


Among the many criticisms of extra- 
peritoneal cesarean section is one that it takes 
too long to do the operation. This not only 
includes the over-all time of the procedure 
from skin incision to skin closure, but also— 
and of even more importance—the time 
from skin incision to the clamping of the 
fetal cord upon removal of the baby. There 
are reports in which it has been recorded 
that 3 hours (average: 1% to 2 hours) have 
been required for the procedure to be ac- 
complished. Waters, however, reported an 
average time of 36 minutes for his technique. 


He is one of few to have done so. This is of 


great importance from the fetal standpoint, 
and of even greater concern to the mother, 





The average length of time for the >ro- 
cedure in this series as recorded by the 
anesthesiologist is 40 minutes. The avi age 
length of time from skin incision to bir . o| 
the baby is 11 minutes. The longest >ro- 
cedure required 80 minutes, the shc ‘test 
procedure, 18 minutes, the longest tin © to 
delivery of baby, 20 minutes, and the s! ort- 
est time to delivery of baby, 4 minutes. ‘I ese 
figures compare favorably with the ave: iges 
given in performance of the standard t: ins- 
peritoneal operation. With experience. the 
dissection time can be readily reduced. ind 
the use of the lower uterine segment [::scia 
makes this possible. The fact that it is not 
necessary to suture the peritoneum for either 
peritonization or closure of the peritoneal 
cavity greatly reduces the time of wound 
closure. 

RESULTS 

There were 4 absolute failures: 2 wit) at- 
tempted extraperitoneal approach on the 
second section after a primary transperitoneal 
section; 1 on a third section after 2 trans- 
peritoneal sections; 1 ona fourth section alter 
3 previous extraperitoneal sections. In cach 
case, there was such intense scarring that the 
dissection could not be carried out on either 
side of the bladder. In 2 of these, the bladder 
itself had been sutured to the lower segment 
by silk sutures. These cases were completed 
by transperitoneal section, but in each case, 
even this procedure was difficult. 

INJURY TO PERITONEUM AND BLADDER; EX- 
TERING THE PERITONEAL CAVITY PURPOSELY 

No injuries to the bladder occurred in this 
series. There were 5 accidental injuries to the 
peritoneum: 4 small ones, sutured before the 
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incision was made; and 1 large rent 


ute! 

at ti time of delivery of the child. For our 
pul ‘s, these are considered failures as well 
as t)) ones in which the operation could not 
be smplished at all. The peritoneum was 
ented purposely 11 times after the con- 
clus of the uterine closure; 6 times for 
tub. ligation; and 5 times for pelvic tumor. 
Th latter were ovarian cysts. Total 
hys'-rectomy was accomplished twice for 
ute ( myoma. 

DISC! SSION 


Feasibility of the use of the extraperitoneal 
approach to cesarean section when one plans 
to enter the peritoneal cavity after cesarean 
section is open to question. ‘Tubal ligation 
at the time of section when the transperi- 
toneal approach is used, neither adds to nor 
detracts from the postoperative end result. 
The peritoneal cavity has been already con- 
taminated by the uterine effluvia and blood, 
no matter how carefully the operation has 
been done. The parietal and visceral peri- 
toneum must be closed, leaving a possible 
attachment point for postoperative ad- 
hesions. Judging from the experience of re- 
entry at a later date, the visceral peritoniza- 
tion is the greater offender. If the removal of 
the child, placenta, and accompanying 
blood spill is done extraperitoneally, none of 
this material enters the peritoneal cavity. 
The relatively innocuous and_ virtually 
bloodless tubal ligation technique such as 
the Pomeroy, done after the closure of the 
uterine incision following the extraperitoneal 
procedure with redraping and a change of 
gloves, produces much less of an insult to the 
peritoneal cavity. Furthermore, the closure 
of the parietal peritoneum, being the least 
offensive of the peritoneal closures, is in this 
instance the only one necessary. The same 
considerations hold true for any postcesarean 
section intraperitoneal exploration. 

If the peritoneum is accidentally per- 
forated in the course of the extraperitoneal 
dissection and this is recognized, it can be 
easily and rapidly closed before continuing 
the procedure. In such instance, the intro- 
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TABLE III.—REPEAT CESAREAN OPERATIONS PRIOR 
TO THIS EXTRAPERITONEAL SECTION 
Previous operations No. 
1 transperitoneal section. . . 53 
2 transperitoneal sections ; 10 
3 _transperitoneal sections 2 
4  transperitoneal sections 1 

1 primary transperitoneal section, followed by 1 
extraperitoneal section previously 
extraperitoneal section. .... 


Nm & 


extraperitoneal sections 


whe 


extraperitoneal sections 


duction of a small amount of air into the 
peritoneal cavity is the only result and this 
does not ordinarily cause postoperative dif- 
ficulty. If, however, the peritoneum suffers 
wide damage, as can occur at the time of 
removal of the child from the uterus when 
there is insufficient space, the operation 
must be considered a failure from the stand- 
point of protecting the peritoneal cavity 
from contamination by the uterine contents. 
This contamination is not that of infection, 
as these are elective cases. Obviously, this is 
of even greater importance, if the uterine 
contents are presumed to be or are actually 
infected. In the latter instance, the entire 
principle of the procedure is negated. 

The hazards, disadvantages, or complica- 
tions of the extraperitoneal approach to 
cesarean section in the past have been as fol- 
lows: (1) prolongation of operation time; (2) 
damage to the bladder and, less frequently, 
to the ureter; (3) damage to the peritoneum, 
especially in the presence of uterine infec- 
tion; (4) instances in which the surgeon 
plans further intraperitoneal surgery; (5) 
severe hemorrhage due to injury of dilated 
vessels of the lateral uterine wall; (6) poor 
adaptation to situations in which immediate 
exploration of the pelvis is mandatory; (7) 
insufficient space for removal of the child. 

The solution to the first 5 of these points is 
entirely dependent upon the care and skill 
of the operator and his familiarity with the 
technique. Mandatory exploration of the 
pelvis is primarily evident in the condition 
known as uteroplacental apoplexy or the 
Couvelaire uterus, at the time of severe or 
prolonged placenta abruptio. It is occa- 
sionally necessary to inspect the uterus to 
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determine whether it has been so badly 
damaged by the myometrial hemorrhage 
as to require its removal. In such situa- 
tions, the value of the extraperitoneal ap- 
proach becomes secondary to the problem 
at hand. The prevention of peritoneal in- 
sult, however, and the addition of so-called 
“gut shock” to an already precarious phys- 
iologic state in these cases often makes a 
great difference in the eventual recovery of 
the mother. Most certainly, the condition is 
uncommon, and fortunately, does not call 
for abdominal exploration very often. Quite 
frequently, the extent of uterine damage can 
be predicted from the appearance of the tis- 
sue in the area of the incision. The same 
may be true in rare situations of uncon- 
trollable hemorrhage, undiagnosed 
tured uterus, or placenta previa. 

Planned intra-abdominal surgery at the 
time of section appears superficially to be a 
contraindication to the elective extraperi- 
toneal cesarean section. The findings post- 
operatively, however, bear out the observa- 
tion that such intraperitoneal procedures as 
are done after the cesarean operation and 
after the uterine closure, entail less abdomi- 
nal discomfort and complications than those 
done with the transperitoneal approach. It 
is not our purpose to discuss the routine per- 
formance of appendectomy at the time of 
the section or the hazards of postcesarean 
secuon myomectomy, for these are still 
highly controversial matters. A definite re- 
duction of clinical postoperative abdominal 
symptoms is accomplished by using the elec- 
tive extraperitoneal approach in those cases 
in which ordinarily an intraperitoneal post- 
cesarean procedure is planned. 


rup- 


SUMMARY AND CONCLUSIONS 


One hundred and_ twenty-five 
of elective extraperitoneal cesarean section 
have been presented. Of these, 4 were 
failures in that the procedure could not 
be carried out. In 5, there was accidental 
peritoneal entry, 4 of which were repaired 
immediately. ‘There were 9 failures in 125, 
or 7 per cent. The peritoneal cavity was 


Cases 
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purposely entered 11 times: 6 for tubal |iga- 
tion, and 5 for pelvic tumor. Spinal «:nes- 
thesia was used in the majority of cases \ith- 
out complication. ‘The technique of ele: tive 
extraperitoneal cesarean section is a moclifi- 
cation of the Norton dissection, and em )ha- 
sis has been placed on the details of sur: ical 
technique and anatomy. The value o' dis- 
section in the fascial plane overlyin: the 
lower segment is emphasized. Reducti:\n of 
time from onset of dissection to remo. (| of 
the child, as well as over-all time for the »ro- 
cedure as an improvement over the | adi- 
tional record, is discussed. Postoperati. > re- 
sults and benefits are listed, and the al) ‘nce 
of injury to the bladder is noted. The | -¢ of 
the procedure when subsequent pelvic sur- 
gery is indicated is suggested in view © im- 
proved results. 

In conclusion, the excellent postoper tive 
recovery and the minimal amount of » ost- 
operative discomfort are indicative ©: the 
value of the extraperitoneal approac \ to 
cesarean section as an elective proce ure. 
This method is a distinct departure froi: the 
time-honored indications for its use. |t is 
reasonable to expect that with this ‘cch- 
nique, anyone capable of a good stan (ard 
transperitoneal operation can utilize the 
elective extraperitoneal for the majori‘y ol 
cesarean sections performed with a much 
improved postoperative course for patients 
and a minimum of trauma to vital organs. 
It does not add to postoperative com))lica- 
tions and can be used in most elective si(ua- 
tions when cesarean section is indicated. Its 
use for the cesarean portion of an extended 
operative endeavor, when subsequent in- 
vasion of the peritoneal cavity is indicated. 
considerably reduces peritoneal insult and 
enhances the postoperative course of these 
patients as well. There is no substitution for 
not entering the peritoneal cavity, insofar as 
postoperative comfort and recovery are con- 
cerned. 

The 


prevention of distention,  ilcus. 


and postoperative adhesions with their at- 
tendant possibilities of pain and intes! inal 
obstruction are obvious. The total ay vid- 
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ance of spill of uterine discharges, fluid, and 
blood by the extraperitoneal route, even in 
the absence of infection, obviates the irri- 
tant effect of this material upon the peri- 
toneal cavity. This method, then, provides 
the opportunity for a more normal recovery 
of any patient who must be subjected to 
cesarean section for the successful delivery 
of her child, particularly when extraperi- 
toneal cesarean section is electively chosen 
for the termination of a pregnancy. The 


operation need not be limited to those 
obstetric cases grossly infected from neglect 
or long trial of labor, for infection is not 
the only indication for the extraperitoneal 
cesarean section. 
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HYSTERECTOMY IN 861 SELECTED CASES 


MAX L. GOLDEN, M.D., Laurel, Mississippi, and JOHNNIE R. BETSON, JR., M.D., 


Albuquerque, New Mexico 


THIs stupy concerns 861 abdominal and 
vaginal hysterectomies performed on the 
independent gynecologic service of the Char- 
ity Hospital of Louisiana at New Orleans, 
since 1953, in which the ‘‘open cuff” tech- 
nique was employed. This technique was 
described by Barr and re-emphasized by 
Burch and Lavely. These are consecutive 
cases, all indigent, and all cared for on the 
wards of the Charity Hospital. 

The surgery and ward care of these pa- 
tients was by second and third year residents 
under the supervision of the visiting staff. 
The minimum follow-up on any patient was 
4 months and the maximum follow-up was 
4 years. With the exception of cancer pa- 
tients, most patients were discharged from 
the clinic after the 6 month examination and 
instructed to return at any time that symp- 
toms warranted. All operative and imme- 
diate and late postoperative complications 
as well as any that have occurred in the 
period after discharge from the hospital 
have been evaluated and recorded. Fre- 
quently, several examiners checked individ- 
ual patients and made comments concern- 
ing their pelvic status. When these findings 
did not agree, those suggesting complica- 
tions were included in the survey. 

Since this technique was first introduced 
in 1953 several changes have occurred. 
First, vaginal hysterectomy has replaced ab- 
dominal hysterectomy as the operation of 
choice, and more liberal indications are be- 
ing used for the vaginal approach. Second, 
less incidental cancer is discovered at the 
time of operation. This fact is due to the 
revision of preoperative cancer screening 
work-up which since 1957 requires Papani- 


From the Department of Gynecology, Independent Unit, 
Charity Hospital, New Orleans, Louisiana. 


colaou smears and cervical and endometrial 
biopsy on every patient scheduled for elec- 
tive surgery. Prior to that time only those 
patients with a suspicious history or lesion 
were subjected to all of these examinations. 
A more complete work-up as suggested by 
Finn and the use of the colposcope will 
probably still further increase our preopera- 
tive diagnosis of unsuspected cancer. Third, 
subtotal hysterectomy has not been per- 
formed in the past 4 years. Other investi- 
gators have expressed similar views of pref- 
erence for total hysterectomy. 

The significance of a temperature of 100.4 
degrees F. has been questioned in classifying 
morbidity. The cases in the present group 
have been divided into three categories: 
mild, in which the maximum postoperative 
temperature was 100 degrees F.; moderate, 
a maximum postoperative temperature oi 
101 degrees F.; and severe, a maximum 
postoperative temperature of greater than 
101 degrees F. The duration of this tem- 
perature elevation is not taken into consid- 
eration, only its occurrence. This modified 
standard for morbidity is more critical than 
that usually employed. 

In similar series, morbidity reports aver- 
age approximately 38 per cent. In the pres- 
ent series, the morbidity would be close to 
that percentage had the standard morbid- 
ity criteria been used. 

There is less morbidity after vaginal hys- 
terectomy than after total abdominal hys- 
terectomy. In explanation, these are the 
pertinent facts: (1) there were half as many 
cuff complications in the group with vaginal 
hysterectomies; (2) 31 per cent of this group 
received blood as compared to 53 per cent 
of the patients with total abdominal hys- 


terectomies; and (3) the more serious imme- 
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diate postoperative complications occurred 
in the total abdominal hysterectomy group. 
Hospital stay in the vaginal group was 1 day 
shorter. An evaluation of the open cuff tech- 
nique in cesarean section-hysterectomy has 
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TABLE I.—MORBIDITY 
Vaginal Abdominal 
—hysterectomy____ —_hysterectomy_— 
No. of No. of 

patients Per cent patients Per cent 

Mild (100° or less) 79 22.2 95 18.8 

Moderate (100°-101°) 186 53.4 286 56.5 

Severe* (101° or higher) 90 25.4 125 24.7 


already been reported from this service. 


PRESENTATION OF DATA 


Three hundred and fifty-five patients had 
vaginal hysterectomies. The average age of 
the negro patient was 33.6 years, and that 
of the white patient was 41.8 years. Five 
hundred and six patients had total abdom- 
inal hysterectomies. The average age of the 
negro patient in this group was 38.3 years, 
and that of the white patient 40.2 years. 
The average stay for the patient with vaginal 
hysterectomy was 6.8 days as compared to 
7.5 days for the patient with total abdom- 
inal hysterectomy. No patients were sent 
home before the fourth day. 

According to the morbidity classification 
the percentages given in Table I were ob- 
served. 

The significant complications of abscess, 
hematoma, hemorrhage, seroma, and fistula 
are shown in Table IT. 

Granulation tissue was found in 30 per 
cent of all patients on their first postopera- 
tive visit regardless of the type of hysterec- 
tomy. This approaches the incidence cited 
by Israel. Only 2.5 per cent of all the pa- 
tients in the vaginal hysterectomy group re- 
quired the use of silver nitrate cauterization 
more than twice. Three per cent of the total 
abdominal hysterectomy group required 
this therapy. This is a minor complication 
since silver nitrate cauterization satisfac- 
torily eliminated the condition in almost all 
cases. In 4 instances it was necessary to use 
the electric needle to fulgurate the granula- 
tion tissue and complete the therapy. 

Seventy-six of 355 (21.4 per cent) pa- 
tients with vaginal hysterectomies and 89 of 
306 (15.6 per cent) with abdominal hys- 
terectomies had postoperative complications 
of significance. The genitourinary tract was 
the source of trouble in 83 per cent of the 76 
cases in the vaginal group but in only 25 per 





*This group accounted for most of the prolonged hospitalizations. 


cent of the 89 cases in the abdominal group. 
The abdominal wound itself was the focus 
of trouble in 55 per cent of 89 patients. The 
remaining group of postoperative complica- 
tions consisted of respiratory infections (in- 
cluding atelectasis and pneumonia), peri- 
tonitis, postoperative hemorrhage, jaundice 
due to blood transfusion reaction, and other 
minor complications (furuncles, labial he- 
matoma, stress incontinence, and cuff infec- 
tion). 

Hemorrhage was an alarming major post- 
operative complication requiring re-explor- 
ation in 5 patients. In 2 patients in the 
vaginal hysterectomy group exploratory op- 
erations were performed because of vaginal 
bleeding before leaving the operating rooms. 
One had a retroperitoneal hematoma, the 
other an actively bleeding retracted pedicle. 
Six patients had significant postoperative 
bleeding after abdominal hysterectomy. 
Three of these had bleeding from the vaginal 
cuff which was controlled by vaginal pack- 
ing alone. The 3 remaining patients in this 
group were re-explored on the first, second, 
and sixth postoperative day. In each of 
these cases a pedicle from which the ligature 
had either slipped or cut through the ves- 
sels accounted for the hemorrhage. 

Blood transfusions were used liberally 
when indicated in these patients. Before 
elective surgery, all patients on the service 


TABLE I1.—COMPLICATIONS 


Vaginal Abdominal 
——hysterectomy_— ——hysterectomy_— 
No. of No. of 
patients Per cent patients Per cent 
Abscess 0 0 7 1.4 
Hematoma 7 1.9 13 2.6 
Hemorrhage 1 0.3 6 1.2 
Seroma 1 0.3 4 0.8 
Fistula 0 0 0 0 
Total 9 2.5 30 6.0 
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must have a minimum hematocrit of 35. 
Thirty-seven per cent of all patients under- 
going vaginal hysterectomy received whole 
blood transfusions at the time of operation 
(31 per cent receiving 500 c.c. or less). Fifty- 
three per cent of all patients undergoing 
abdominal hysterectomy received whole 
blood transfusions (34 per cent receiving 500 
c.c. or less). Twenty-two patients received 
an excess of 1,500 cubic centimeters. Only 1 
of these was in the vaginal hysterectomy 
group. 

Sixty-five per cent of all patients in the 
vaginal group and 54.8 per cent of all pa- 
tients in the abdominal group received uri- 
nary antiseptics or antibiotics. The routine 
use of antibiotics is not followed. However, 
if a number of infected cases are present on 
the ward, antibiotics are used prophylacti- 
cally. 

The following complications occurred at 
the time of operation. The urinary bladder 
was lacerated 3 times in both the vaginal 
and abdominal groups. This accident was 
recognized in each instance at the time of its 
occurrence and repaired. No urinary tract 
fistulas developed. At laparotomy the large 
bowel was lacerated once and repaired im- 
mediately. In 4 cases it was necessary to re- 
sect a portion of small intestine because of 
involvement in dense pelvic adhesions. No 
fistulas developed in these patients. The 
vaginal approach was abandoned for the 
abdominal route during operation in 3 
cases. 

In 355 vaginal hysterectomy cases the 
following additional surgical procedures 
were done: anterior repair in 182 cases, pos- 
terior repair in 27, anterior and posterior 
repair in 91, enterocele repair in 11, right 
salpingo-oophorectomy in 11, left salpingo- 
oophorectomy in 6, repair of urethral diver- 
ticula in 3, repair of urethral fistula in 3, and 
repair of umbilical hernia in 3 cases. 

These additional procedures were done in 
506 total abdominal hysterectomy cases: left 
salpingo-oophorectomy in 52, right salpingo- 
oophorectomy in 39, bilateral salpingo- 
oophorectomy in 320, appendectomy (elec- 


tive) in 202, secondary closure in 18, Mar. 
shall-Marchetti procedure in 4, anterior and 
posterior repair in 1, vena caval ligation in 
2, hypogastric artery ligation in 13, intra- 
arterial transfusion in 1, and small bowel 
resection with end-to-end anastomosis in 4 
cases. 


DISCUSSION 


Twenty-five different residents operated 
on the patients in this series. No deaths oc- 
curred in the series. The open-cuff technique 
is simple and allows one to detect most post- 
operative complications before they can 
jeopardize the patient’s life. In the total 
abdominal hysterectomies a soft rubber 
Y drain can be placed through the open vag- 
inal cuff beneath the vesicouterine peritone- 
al reflection and over the angles of the cuff. 
This provides an accessible egress for bleed- 
ing, simple oozing, or profuse hemorrhage. 

Our technique for vaginal hysterectomy 
is essentially the Heaney type modified by a 
continuous purse-string suture placed in the 
peritoneum for its closure and allowing the 
vaginal cuff to remain open. The cuff edge 
is then run with an over-and-over continuous 
suture for hemostatic purposes. Jewett (7) 
concluded that there was no significant 
change in vaginal length after vaginal hys- 
terectomy. Though no actual measurements 
of the postoperative vagina were made, pa- 
tient histories (particularly with our open- 
cuff technique) corroborate his conclusions. 
The posterior culdeplasty as described by 
McCall is used in those instances in which 
an enterocele is repaired. This technique 
definitely lengthens the vaginal vault. The 
purse-string closure of the peritoneum does 
cause “‘bunching”’ of tissue at the apex of 
the vaginal vault but it has caused no com- 
plaints from the patients. The purse-string 
closure of the peritoneum has prevented 
possible prolapse of the fallopian tubes and 
the more serious prolapse of other viscera. 
Other infrequently reported complications 
have not been encountered in this series. 


There have been no instances of prolapse of 


the vaginal vault. Many of the patients had 
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Golden and Betson: HYSTERECTOMY IN SELECTED CASES 


such anatomic findings as a deep cul-de-sac 
and separation of the posterior commissure 
of the levator muscles. Ring points out that 
this complication may occur late, but it has 
not occurred in the cases followed up for 4 
years. 

Granulation tissue is looked upon as a 
minor complication. The open cuff tech- 
nique may tend to cause more granulation 
than would be encountered with a closed 
technique. This may be due to the necessity 
for an area to heal where two cut edges are 
not approximated with a suture. It was 
necessary for 23 patients to receive silver 
nitrate application or electrocautery treat- 
ment 3 or more times. These patients all 
eventually responded to treatment. One 
rectovaginal fistula occurred after the re- 
pair of an old third degree laceration. No 
genitourinary vaginal fistulas occurred de- 
spite the frequent occurrence of urinary tract 
infection postoperatively. 

Along with fistulas, the hematomas, ab- 
scesses, and seromas presented an incidence 
of 3.14 per cent by the open-cuff technique, 
essentially that reported by Johnson from 
another service in this hospital’. The 7 ab- 
scesses of the vaginal cuff occurred in the 
abdominal hysterectomy group and were 
secondary to pelvic infection present at the 
time of operation. The vaginal cuff is not 
routinely inspected before the patient leaves 
the hospital. A cuff is inspected when there 
is suspicion of infection. The clue is usually 
a relatively stable temperature elevation of 
the moderate type for 48 hours that fluctu- 
ates but does not have the true “septic” 
elevations and depressions. 

We agree with Taylor who believes that 
hemorrhage and the urinary tract complica- 
tions continue to be the impediments to the 
smooth postoperative course of the hyster- 
ectomy patient. On this service there was 1 
postoperative death due to blood transfusion 
reaction. This occurrence was a further indi- 
cation that whole blood should be used with 
extreme caution and with the properly indi- 
cated conditions. This death occurred in a 


Yohnson, however reported on the closed cuff technique. 
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patient not included in this series because of 
the difference of cuff closure used in the oper- 
ation. Malnutrition and acute and chronic 
infection are constant occurrences which are 
encountered in this hospital. Many of the 
abdominal hysterectomies have been emer- 
gency operations performed upon patients 
who had iron deficiency anemia secondary 
to infection, blood loss, or poor nutritional 
status. Iron is prescribed preoperatively in 
all elective cases, but hematocrit levels often 
remain unchanged because of poor nutrition 
or poor iron utilization. ‘he suspicion of 
persistent bleeding and shock prompt a re- 
exploratory operation if the Potter needle 
tap is positive, if the blood pressure is falling, 
or if the pulse rate increases despite adequate 
blood replacement. ‘The diagnosis and treat- 
ment of postoperative hemorrhage may pre- 
sent a perplexing problem at times as in the 
case recently described by Jewett (6). Liga- 
tion of the anterior branch of the hypogastric 
artery is performed without hesitation when 
bleeding is excessive during operation or 
when re-exploration is necessary. 

Several authors mention the genitourinary 
tract as the system most often involved in 
posthysterectomy complications. This is un- 
derstandable with possible trauma to the 
serosa, proximity to infection, and distortion 
caused by uterine tumors to bladder and 
ureters. Dissection often interferes with some 
of the nerve supply to the bladder often ne- 
cessitating prolonged periods with an in- 
dwelling catheter. It is surprising that ward 
infections are not more prevalent with the 
rapid turnover of patients due to the bed 
shortage for indigent patients, visitors with 
upper respiratory infections, the poor condi- 
tions of patients who are emergency admis- 
sions, and the extreme shortage of ward 
personnel properly trained in sterile tech- 
nique. Under these conditions, the simple 
removal and reinsertion of a catheter may 
introduce an infection. 

Incidental carcinoma is found in almost 
any large unselected series of hysterectomy 
cases, and a total of 10 such cases was found 
in this series. Nine cases were among the total 
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abdominal group and 1 in the vaginal group, 
a carcinoma in situ of the cervix. Of the ab- 
dominal group, 6 were carcinoma in situ of 
the cervix, 1 leiomyosarcoma, 1 adenocar- 
cinoma of the fallopian tube, 1 malignant 
ovarian tumor, and 1 adenocarcinoma of the 
endometrium. The suggestions of Finn and 
the use of the colposcope will probably de- 
crease this occurrence. Despite all screening 
methods used preoperatively, there will occa- 
sionally occur unsuspected cases of cancer of 
the fallopian tube or cancer of the ovary. 

The type of hysterectomy done varied 
with the preoperative diagnosis. Seventy-five 
per cent of all the vaginal hysterectomies 
were indicated because of pelvic relaxation. 
Eighty per cent of the abdominal hysterec- 
tomies were done because of pelvic inflam- 
matory disease, tubo-ovarian abscess, uterine 
fibroids, or a combination of those three 
conditions. The remaining indications for 
operation comprised such diagnoses as benign 
ovarian tumors, postmenopausal bleeding, 
endometrial polyps, chronic metritis, cystic 
changes in the endometrium, marked per- 
sistent basal cell hyperplasia of the cervix 
with ectropion, adenomyosis, and, in 1 case, 
symptomatic retrodisplacement of the uterus. 
The high incidence of uterine prolapse and 
pelvic relaxations can be appreciated in the 
negro patient in the vaginal hysterectomy 
group for these patients had an average of 
7.5 pregnancies and an average of 6.4 de- 
liveries per individual. Many of these pa- 
tients had precipitate vaginal deliveries at 
home with or without the attendance of even 
a midwife. Infection with all its attendant 
complications was the primary indication in 
those patients operated upon by the abdomi- 
nal approach. 

Many of the patients of this series are being 
followed up, and others now discharged may 


present themselves later for re-examination, 
This study has reinforced the belief that this 
operative technique employing the open-cuf 
closure after hysterectomy (abdominal o; 
vaginal) is safe, imposes few serious postoper. 
ative complications, is satisfactory in prac. 
tically all instances of emergency and elective 
hysterectomy, and offers advantages over 
the closed-cuff procedure. 


SUMMARY 


1. Eight hundred sixty one cases of ab. 
dominal and vaginal hysterectomies have 
been reviewed. 

2. The indications for the procedures have 
been discussed. 

3. Our classification of morbidity has been 
presented. 

4. Vaginal cuff complications have been 
described. 

5. Revival of the open-cuff technique for 
closure after hysterectomy has been stressed. 
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ANTIGENICITY OF ‘TENDON 


ERLE E. PEACOCK, JR., M.D., and JERRY PETTY, B.S., Chapel Hill, North Carolina 


THE ANTIGENICITY of tendon has been of 
interest to us for two reasons. First, when 
these experiments were performed, we were 
anticipating an early trial of composite 
tissue homografts of the entire flexor mech- 
anism in the restoration of severely damaged 
human flexor tendons within the digital 
sheath. Preparation of the finger for such 
a graft involves a complete sacrifice of all 
of the sheath, followed by placement of the 
homograft directly in contact with delicate 
joint membranes and neurovascular struc- 
tures. Even though the collagenous portion 
of a tendon homograft can be shown to 
persist, irreparable damage to surrounding 
host tissues might occur if the graft was 
sufficiently antigenic to cause a local anti- 
body-antigen reaction followed by tissue 
autolysis and fibrosis. If a tendon homo- 
graft contains antigenic substances identical 
or similar to epithelial tissues, such an auto- 
lyzing type of host tissue reaction would be 
likely. As a result, subsequent fibrosis would 
defeat the purpose of the graft, even though 
morphologic studies have revealed persis- 
tence of the collagen and a preservation of 
the tensile strength. 

A second reason for investigating the 
antigenicity of tendon is that tendon is a 
relatively simple tissue composed of 3 of 
the most widely distributed elements in 
living organisms. These are fibrocytes, col- 
lagen, and ground substance. Homografts 
of more complex tissues, such as skin, 
kidney, and endocrine tissues, involve the 
transfer of all 3 of these substances to some 
degree, yet most of our knowledge pertain- 
ing to the rejection of homografted tissues 
has been gained from the study of epithelium 
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and endothelium. It seems pertinent to the 
general problem of homograft rejection, 
therefore, to study simple tissues such as 
tendon in an attempt to find out if collagen, 
ground substance, or fibrocytes are con- 
cerned in the rejection of more complex 
tissue grafts. Moreover, tendon grafts can 
be modified by relatively simple laboratory 
procedures to produce a transplant of pure 
collagen or collagen plus ground substance 
without living cells. Thus, even though the 
clinical need for human tendon homografts 
is relatively small, a study of the anti- 
genicity of tendons is of indirect value in 
that the results of such a study can be ap- 
plied to the general problem of composite 
tissue rejection. 

Collagen, the most widely distributed 
biologic protein, has been assumed to be 
nonantigenic, or of such low antigenicity 
that it is unimportant in the over-all prob- 
lem of foreign tissue rejection. The assump- 
tion that collagen is freely interchangeable 
between genetically diverse organisms, how- 
ever, has been challenged by recent ex- 
periments, reported by Watson, Rothbard, 
and Vanemee, which show that collagen 
in solution is both antigenic and species 
specific. Additional evidence that collagen 
in another physical state may not be freely 
transferable was introduced by Maurer, 
who was successful in producing titratable 
antibody levels in rabbits by immunizing 
them with gelatin. These 2 reports have 
recently reopened the question of whether 
the collagen molecule is universal or in- 
dividually specific in the spatial arrange- 
ment of its amino acids. 

We have attempted to answer some of the 
questions concerning mesenchymal tissue 
individuality by studying the biologic re- 
actions to heterologous and homologous 
tendon transplants. The reactions to fresh 
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grafts and to various laboratory alterations 
of dog tendons after transfer to other ani- 
mals have been investigated. The ‘“‘second 
set” skin rejection phenomenon and the 
search for collagen antibodies by comple- 
ment fixation tests have been utilized as a 
measurement of antigenic activity in the 
various preparations which we tested. Both 
methods of evaluating antigenicity are rela- 
tively crude compared to highly technical 
immunochemical determinations, but are 
probably precise enough to measure anti- 
genic activity of the magnitude that might 
affect clinical transfer of mesenchymal tis- 
sues. 


METHODS 


Two experiments were performed. In the 
first experiment, the tail tendons were re- 
moved from 20 adult C57 strain mice. Ten 
of the tendons were washed in cold saline 
to remove blood and adjacent tissue debris 
and were then transplanted into the an- 
terior abdominal wall of 10 C3H strain 
mice. The tendons were inserted through a 
midline incision and were placed in a sub- 
cutaneous pocket overlying the anterior 
abdominal fascia. Five of the remaining 10 
tendons were fixed in formalin for 48 hours 
prior to transplantation; the other 5 tendons 
were digested with 3 fresh applications of 
active trypsin. The tendons fixed in formalin 
did not contain living cells, and the ten- 
dons which had been digested with trypsin 
were converted into relatively pure col- 
lagen. These artificial tendon preparations 
were also transplanted beneath the anterior 
abdominal wall of C3H mice. By utilizing 
3 different preparations, it was hypothesized 
that a comparison of the host response to 
the 3 different preparations might yield 
important information concerning the lo- 
cation and characteristics of the antigenic 
substance, if antigenicity could be demon- 
strated. 

Three weeks after transfer of the tendon 
grafts, a full-thickness skin graft was re- 
moved from the back of all of the C57 strain 
mice which had donated a tail tendon. 


The skin grafts were used to challenge the 
same C3H mice that had received the ten. 
don grafts. The skin grafts were approxi. 
mately 1 square centimeter in size and did 
not include the panniculus carnosus muscle, 
The grafts were sutured into a 1 square 
centimeter defect which was created on the 
dorsum of the recipient mouse. Stent fixa- 
tion was used to prevent motion of the 
graft, and an adhesive bandage was applied 
over the stent. Our hypothesis was that, if 
the tendon graft contained antigens which 
were identical to the antigens in skin or 
which produced antibodies cross reacting 
with the antigens in skin, the challenging 
skin grafts would be rejected in a typical 
‘second set’ rejection time. A control ex- 
periment which was designed to measure 
the first set and second set skin rejection 
times for C57 strain to C3H strain trans- 
plants was performed simultaneously. In 
this experiment, 10 C3H strain mice from 
the same laboratory stock as those used in 
the tendon grafting experiment received 
full-thickness skin grafts from 10 C57 strain 
mice from the same stock as the tendon 
donors. Five days after slough of the skin 
graft, the control mice were grafted again 
with skin from the same donor. Survival 
times for the 2 grafts were recorded as first 
set and second set rejection times for C5’ 
strain donors and C3H strain recipients. 

In a second group of experiments de- 
signed to evaluate the antigenicity of pure 
collagen by complement fixation tests, fresh 
whole tendons from an adult mongrel dog 
were transplanted into the subcutancous 
space of 4 mature albino rabbits. An ad- 
ditional 6 tendons from the same donor dog 
were extracted with acetic acid and the 
collagen thus obtained was reconstituted 
with sodium hydroxide and _ stored for 
future use as an antigen. Four weeks later 
the rabbits were challenged by skin grafts 
taken from the dog which had donated the 
tendons. A control experiment was per- 
formed by establishing typical first and 
second set skin rejection times for dog-to- 
rabbit transfers as was done in the previous 
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experiment. When the rabbits were chal- 
lenged with skin grafts, they were also bled 
from the marginal ear vein and the serum 
was examined by a complement fixation 
test. 

Reconstituted collagen for use as the 
antigen in the complement fixation tests 
was prepared in the following manner: 
Fresh dog tendons were minced with scis- 
sors and washed 6 times in cold water. 
After standing overnight in cold saline, they 
were transferred to 400 cubic centimeters 
of 1:10,000 (px 3.8) acetic acid. During the 
next 4 days the volume was brought up 
to 8,000 cubic centimeters, and more acetic 
acid was added so that the final concentra- 
tion was 1:1,000. The extraction process 
was carried out in a 4 degree C. cold room 
with the aid of continuous mechanical 
stirring. Dog collagen is not nearly as solu- 
ble as the rat tail collagen which is com- 
monly used in laboratory extractions, and so 
it was necessary to use a larger volume and 
a lower pH than usual to obtain satisfactory 
yields. The undissolved residue was dis- 
carded, and the slightly viscous acetic acid 
extractant was filtered through a fine por- 
celain filter. The filtrate was then brought 
up to pH 7.1 by the addition of 0.1 normal 
sodium hydroxide. Immediately after ad- 
justment of the pu to 7.1, a fine white 
flocculation appeared. The flocculi were col- 
lected by continuous centrifugation. If some 
of the solution containing flocculi is dialyzed 
against salt and then transferred to a grid 
and examined in the electron microscope, 
typical banded fibers with a 640° Ang- 
stt6m period can be demonstrated. After 
the reconstituted collagen had been col- 
lected by centrifugation, it was lyophy- 
lized and stored in serum bottles at 4 
degrees C. The extraction, reconstitution, 
and subsequent storage were all performed 
at a temperature of 4 degrees C. to prevent 
contamination with common molds. Ex- 
traction of 6 medium sized tendons in 8 
liters of 1:1,000 acetic acid for 2 days 
yielded between 350 and 500 milligrams of 
fluffy, white, reconstituted collagen. 
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The complement fixation tests were per- 
formed by using a sensitized sheep red cell 
system which was incubated for 1 hour with 
the reconstituted collagen and a 1:20 dilu- 
tion of fresh guinea pig complement. The 
1:20 dilution of complement was selected 
instead of the usual 1:30 dilution because of 
the tendency of lyophylization to weaken 
antigenic potency. In all of the tests, tubes 
were also set up which contained sensitized 
sheep cells plus complement, with and with- 
out collagen, to be certain that the collagen 
alone would not fix complement. Because 
no dog collagen antiserum was available at 
the time when the complement fixation 
tests were being performed, a block system 
was utilized in which a series of antigen dilu- 
tions ranging from 1:2 to 1:64 were matched 
against a series of serum dilutions ranging 
between 1:2 and 1:64. This number of tests 
should have covered all of the antibody- 
antigen reactions which might be specific 
within a narrow range of concentrations. 


RESULTS 


Transformation from a pink color and 
soft texture to a dark color and leathery tex- 
ture was selected as the end point in the 
measurement of survival time of the skin 
grafts. This end point was sharp and rela- 
tively sudden in animals as genetically di- 
verse as those selected for our experiments. 
This end point was found to be considerably 
more reliable than separation of the grafts, 
for separation could be influenced by ac- 
tivity of the mouse and the type of cage. 
The mice were kept in individual cages to 
prevent destruction of the grafts by a com- 
panion. None of the grafts became infected 
and all of them took initially. 

The “‘first set’? skin grafts in the C57 to 
C3H strain control group had an average 
survival time of 8 days. The shortest sur- 
vival time was 7 days and the longest sur- 
viving graft remained viable for 9 days. The 
second set grafts were applied as soon as all 
of the inflammatory reaction from the first 
graft had disappeared and the wound was 
completely healed. The second set grafts 





TABLE I.—SKIN REJECTION TIMES—CONTROL 
GROUP 
DONOR: C57 STRAIN MOUSE 
— RECIPIENT: C3q STRAIN MOUSE 
No. Ist set skin, 2nd set skin, 
days survival days survival 
1 7 4 
2 7 
3 9 6 
4 8 5 
5 9 5 
6 9 6 
7 8 6 
8 8 5 
9 8 5 
10 7 5 
Av.* 8 bul 
DONOR: ADULT MONGREL DOG 
REGIPIENT: ADULT ALBINO RABBIT 
1 7 5 
2 7 4 
3 7 5 
4 8 5 
5 8 5 
6 7 5 
Av.* af 4.8 


*The difference between these averages is statistically significant. 


persisted for an average of 5 days. The long- 
est surviving second set graft remained vi- 
able for 6 days. The longest surviving sec- 
ond set graft did not last as long as the 
shortest surviving first set graft, thus clearly 
defining a first set and second set rejection 
time for this experiment. Control experi- 
ments for the dog-to-rabbit skin transfers in 
the second group of experiments revealed a 
similar survival time for first and second set 
grafts (Table I). 

The mice which had been immunized 
with fresh, trypsin-cleared and formalin- 
fixed tendon grafts retained their challeng- 
ing skin grafts for 7 to 9 days—a typical first 
set rejection time. None of the skin grafts 
were rejected in less than 7 days. 

Rabbits which were immunized by whole 
tendon grafts retained their challenging 
skin grafts for an average of 7 days. This 
was, again, a typical first set rejection time 
(Table II). Heterologous tendon grafts im- 
planted in the subcutaneous tissue of mice 
and rabbits apparently do not contain 
antigens similar to, or in the same concen- 
tration as, those found in skin. Also, tendons 
apparently do not contain antigens which 
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will stimulate the production of antibodies 
that cross react with the antigens in skin as 
measured by the skin rejection phenom. 
enon. 

None of the combinations of various dilu- 
tions of rabbit sera and reconstituted colla- 
gen fixed complement. Hemolysis was com- 
plete in all of the tubes. The transplantation 
of fresh dog tendons did not stimulate the 4 
rabbits to produce dog collagen antibodies, 
As far as we could determine by comple- 
ment fixation tests and skin graft rejection 
times, solid collagen is not significantly anti- 
genic when introduced as a subcutaneous 
implant. 


DISCUSSION 


Previous attempts to demonstrate anti- 
genicity of collagen by means other than 
skin rejection have been unsuccessful with 
two notable exceptions—those described by 
Battista and by Waksman. Maurer, using a 
quantitative precipitin test on human sera, 


was able to demonstrate antigenicity of 


gelatin; and Watson, Rothbard, and Vane- 
mee reported that collagen in an acetic acid 
solution was antigenic for rabbits. The de- 
natured state of the gelatin in Maurer’s ex- 
periments probably prevents them from 
being applicable to the question of anti- 
genicity in tendons, particularly since his 
experiments included an analysis of hy- 
droxyproline to be certain that no impurities 
were carried over in the gelatin. A lack of 
tyrosine, the denatured state in which gelatin 
exists, and the low concentration of glycine, 
which prevents the molecule from attaining 
a rigid backbone structure, are the reasons 
usually given for previous failures to demon- 
strate antigenicity of gelatin. Maurer’s ex- 
periments, however, strongly suggest that 
these assumptions may not be entirely cor- 
rect. Watson, Rothbard, and Vanemee 
were successful in demonstrating antigeni- 
city of rat collagen. In their experiments, 
rabbits were immunized with reconstituted 
collagen that had been redissolved in acetic 
acid and injected intraperitoneally in divid- 


ed doses over a period of many weeks. After 
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along term immunization by this method, 
they were able to demonstrate a rising titer 
of rat collagen antibody. Although Watson’s 
group made an admirable effort to prove 
that the antibodies were directed against 
collagen alone, conclusive evidence of the 
specificity of collagen antibodies is difficult 
to obtain because of our incomplete knowl- 
edge of the structure and behavior of the 
collagen molecule. Reconstituted collagen, 
such as was used in Watson’s and in our ex- 
periments, is relatively pure collagen, but 
unfortunately even minute amounts of an 
impurity such as tyrosine can produce anti- 
genicity in an otherwise nonantigenic sub- 
stance. Schmitt, Gross, and Highberger 
subjected a single 25 gram sample of colla- 
gen to 11 extractions with sodium chloride, 
9 extractions with sodium phosphate (Na2- 
HPO,), and 62 extractions with half satur- 
ated calcium hydroxide. Even after this, 
it was found that the final product still con- 
tained hexosamine in appreciable quanti- 
ties. Schmitt and his associates did not 
speculate whether this small carbohydrate 
moiety is closely associated with or is an 
actual part of the collagen molecule. In 
their extraction experiments, tyrosine was 
always present in at least 0.41 per cent con- 
centration. It is possible that the muco- 
polysaccharide latticework upon which the 
collagen fibrils develop may become incar- 
cerated within the fibrils so that extraction 
by the usual chemical methods is impossible. 
Jackson has suggested that chondroitin sul- 
fate may form stabilizing bonds between 
collagen chains, and adds that this may be 
the reason why pretreatment with hya- 
luronidase increases the solubility of native 
collagen in dilute acetic acid. 

Fortunately, the basic problems encoun- 
tered in the extraction and purification of 
collagen are not vital to the question of 
antigenicity of whole tendons. Since none 
of the fresh tendon grafts in our experi- 
ments were antigenic to a degree which 
could be measured by the rejection of chal- 
lenging skin grafts or complement fixation 
tests, clinicians probably do not need to be 


TABLE II.—SKIN REJECTION TIMES—TENDON 
TRANSPLANT GROUP 
DONOR: C57 STRAIN MOUSE 
RECIPIENT: C3q STRAIN MOUSE 
Challenging skin graft, 
No. Initial graft days survival 
1 Fresh tendon 8 
2 Fresh tendon 8 
3 Fresh tendon 7 
4 Fresh tendon 8 
5 Fresh tendon 7 
6 Fresh tendon 7 
7 Fresh tendon 9 
8 Fresh tendon 9 
9 Fresh tendon 7 
10 Fresh tendon 9 
11 Formalin fixed tendon 8 
12 Formalin fixed tendon 9 
13 Formalin fixed tendon 7 
14 Formalin fixed tendon 8 
15 Formalin fixed tendon 8 
16 Trypsin cleared tendon 9 
17 Trypsin cleared tendon 9 
18 Trypsin cleared tendon 7 
19 Trypsin cleared tendon 7 
20 Trypsin cleared tendon 8 
Average* 7.9 
DONOR: ADULT MONGREL DOG 
RECIPIENT: ADULT ALBINO RABBIT ______ 

1 Fresh tendon 8 
y Fresh tendon 8 
3 Fresh tendon 7 
+ Fresh tendon 9 


Average* 8.0 





*The difference between these averages and the averages of the first 
set graphs in Table 1 is not statistically significant. 


concerned with antigenicity of the various 
substances found in normal tendon. Al- 
though collagen in solution may or may not 
be antigenic, depending upon the inter- 
pretation of Watson’s data, solid collagen, 
with or without ground substance in the 
amounts present in fresh tendon, is not 
antigenic as we have evaluated it. 

Failure of the transferred fibrocytes to be 
significantly antigenic is not as easily dis- 
missed as the failure of purified collagen to 
be antigenic. Although specific data on 
fibrocytes in pure culture are not available, 
there is strongly suggestive evidence, as re- 
ported by Billingham and associates, that 
the tissue specificity antigens are complex 
amino acid-polysaccharide combinations 
which are found on all nucleated cells. 
Billingham (2) has suggested that the most 
likely explanation for our results was that 
the small dose of antigen delivered by a 
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relatively acellular tissue such as tendon was 
not sufficient to evoke a subsequent acceler- 
ated tissue rejection. ‘This hypothesis could 
have been investigated further by dissecting 
out a few more milligrams of collagen from 
the donor mouse and implanting it with the 
tail tendons, but since the tail tendon rep- 
resents a relatively tremendous graft in 
terms of human restorative problems, we 
did not pursue the question of dosage any 
further. We agree that the relatively small 
dose of antigen probably accounts for the 
first set skin rejection results, but we also 
raise the question of whether a mechanical 
factor might also be involved. The experi- 
ments presented in the preceding article re- 
vealed some variation in the survival time 
of fibrocytes in transplanted tendons. Since 
the survival time of the fibroblasts corre- 
lates somewhat with the age and physical 
density of the tendon, could not a millipore 
filter effect be exerted by the densely packed 
collagen bundles in some instances? Such 
an effect conceivably could prevent some of 
the fibroblasts from being contacted by cir- 
culating antibodies. A similar hypothesis 
appears tenable in cartilage grafts where it 
has been shown that the chondrocytes per- 
sist indefinitely. A limited application of the 
same hypothesis might apply to tendon or 
small portions of a tendon as well. 

In conclusion, it should be emphasized 
that the ‘‘second set’? skin rejection phe- 
nomenon and complement fixation tests us- 
ing reconstituted collagen as an antigen are 
relatively gross determinations of an ex- 
tremely sensitive and highly specific biologic 
phenomenon. Flocculation tests or a study 
of mesenchymal tissues transplanted into 
animals with a high titer of circulating anti- 
bodies after immunization by Watson’s 
technique would be more sensitive indica- 
tors of the antigenicity of the substances 
which are transferred in whole tendons. The 
surgeon who desires to transfer homologous 
tendon, however, is probably not embar- 


rassed by any antigenic properties of this 
magnitude and in all probability does not 
lose complex tissue grafts such as skin or 
kidney because of antigenic properties of the 
mesenchymal components of these tissues, 


SUMMARY 


In order to measure the antigenicity of 
homologous composite tendon grafts, which 
are currently being evaluated in the restora- 
tion of selected flexor tendon injuries, and 
to investigate the antigenicity of some of the 
mesenchymal components of other complex 
tissue grafts, mice and rabbits were im- 
munized with various types of tendon trans- 
plants. The animals were subsequently chal- 
lenged with skin grafts from the original 
donors. In other experiments, the sera from 
recipient animals were subjected to comple- 
ment fixation tests using reconstituted colla- 
gen as an antigen. Using these tests, we 
were not able to demonstrate clinically sig- 
nificant antigens in whole tendons or any 
of their components. It appears now that 
solid collagen or fresh tendons can be 
heterologously or homologously transplant- 
ed without significant immunologic reac- 
tions. ‘The possible explanation and implica- 
tions of these results are discussed. 
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A NEW METHOD FOR ESTABLISHING A GASTROSTOMY 
OR JEJUNOSTOMY WITH EVALUATION IN 26 PATIENTS 


§. F. REDO, M.D., and W. A. BARNES, M.D., New York, New York 


PATIENTS with unresectable obstructing le- 
sions of the esophagus or stomach may re- 
quire a gastrostomy or jejunostomy for 
feeding purposes. Many methods of forming 
gastrostomies and jejunostomies have been 
described but none appears to be entirely 
satisfactory. 

A suitable gastric or jejunal stoma should: 
(1) be readily constructed; (2) be easily 
cared for by the patient or his family; (3) 
not leak; (4) not lead readily to infection in 
the peritoneal cavity or abdominal wall. 

In 1956 a method of creating a gastros- 
tomy or jejunostomy by using a prosthesis 
was reported with a description of its use in 
3 patients (1). The longest follow-up period 
was 4 months. The operation described was 
considered to be superior to existing means 
of creating a gastrostomy or a jejunostomy. 
Since the original report, this method has 
been used in an additional 23 patients, some 
of whom have been followed up for periods 
up to 18 months. The present report is an 
evaluation of the procedure based on these 
26 cases. 


RESULTS 


Data concerning the 26 patients in whom 
the prosthesis has been used follow: There 
were 24 gastrostomies and 2 jejunostomies. 
Twenty of the patients were operated upon 
at The New York Hospital, 8 by attending 
surgeons and 12 by residents. In the remain- 
ing 6 patients, the procedure was done else- 
where by attending surgeons in 4 cases and 
by residents in 2. The operations were 
accomplished without difficulty by these 
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surgeons who were acquainted with the 
method only through its description in a 
previous publication (1). 

There were 19 males and 7 females rang- 
ing from 30 to 86 years of age with an aver- 
age age of 64.9 years: 2 males were in the 
fifth decade of life, 4 in the sixth, 5 in the 
seventh, 7 in the eighth, and 1 in the ninth; 
1 female was in the fourth decade, | in the 
sixth, 2 in the seventh, 3 in the eighth. ‘The 
patients were followed up for from less than 
1 week toas long as 114 years postoperatively. 
Sixteen were observed for periods longer 
than 2 months: 6 for 2 to 4 months, 1 for 4 
to 6 months, 6 for 6 to 9 months, 1 for 9 to 
12 months, and 2 for 16 to 18 months. 

Postoperative deaths. Five patients died 
while in the hospital. 


Case 10. A 62 year old man had had x-ray therapy 
for carcinoma of the middle and lower thirds of the 
esophagus. After a short period of relief of symptoms, 
progressive dysphagia developed. On April 18, 1957, 
using a nylon prosthesis a gastrostomy was established 
under local anesthesia. Tube feedings begun the next 
day were well tolerated. His general condition began 
to improve, but suddenly on the fourth postoperative 
day massive hematemesis occurred and he expired. 
Postmortem examination revealed that the esophageal 
tumor had perforated into the right pulmonary artery 
and lung. The prosthesis had not leaked and skin 
around it was in excellent condition. 

Case 25. A 76 year old male had carcinoma of the 
proximal third of the stomach with extension to the 
distal esophagus causing complete obstruction. At 
exploratory laparotomy, multiple peritoneal and 
hepatic metastases were noted. On June 23, 1958, a 
gastrostomy using a nylon prosthesis was performed 
under general anesthesia. He tolerated the procedure 
well, and gastrostomy feedings were started on the 
third postoperative day. However, he deteriorated 
progressively and died 9 days after operation. Autopsy 
was not performed. At the time of death the abdominal 
wound was healing well, the gastrostomy had not 
leaked, and the skin about the prosthesis was not ex- 
coriated or inflamed. 
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Case 16. A 69 year old male had an inoperable 
carcinoma of the middle third of the esophagus. On 
September 23, 1957, a gastrostomy using a nylon 
prosthesis was established under general anesthesia. 
Postoperatively, he developed paralytic ileus which 
progressed despite aspiration of the stomach through 
the gastrostomy prosthesis. On the fifth postoperative 
day, he eviscerated and the wound was closed im- 
mediately under local anesthesia. Despite all suppor- 
tive measures he died the following day. Postmortem 
examination revealed pulmonary edema, hyperemia, 
and emphysema. There was no free fluid in the peri- 
toneal cavity. The gastrostomy site was intact and the 
skin about the prosthesis was completely unremark- 
able. 

Case 18. A 69 year old male had obstruction of the 
esophagus due to carcinoma metastatic to the neck. 
On January 30, 1958 under local anesthesia, a 
gastrostomy was performed using a nylon prosthesis. 
He tolerated the procedure well but on the night of 
operation he expired suddenly, the terminal events 
being consistent with a pulmonary embolus. Autopsy 
was not performed. 

Case 11. A 75 year old white male underwent an 
exploratory operation on April 18, 1957 with the 
finding of a carcinoma of the distal third of the 
esophagus extending to the stomach and liver. Be- 
cause of fixation and the large size of the tumor, the 
stomach could not be brought up readily to the abdom- 
inal wall, and gastrostomy was performed with diffi- 
culty. A wound infection developed on the second 
postoperative day and the wound was drained. This 


infection spread to involve the site of the gastrostomy. ° 


Nevertheless the patient was able to take feedings 
through the gastrostomy beginning on the fifth post- 
operative day. The prosthesis became loose and 
sloughed out on the eighteenth postoperative day. A 
gastrocutaneous fistula persisted, however, through 
which tube feedings were continued. The patient’s 
course was slowly but steadily downhill and he ex- 
pired on May 18, 1957, one month after operation. 


Nonfatal complication. There was 1 nonfatal 
complication. 


Case 4. A 57 year old woman had a wound infection 
that led to extensive maceration of the skin about the 
prosthesis. On May 29, 1958 this patient with car- 
cinoma of the thoracic esophagus extending into the 
trachea at the level of the bifurcation underwent an 
exploratory thoracotomy, laparotomy, and gastros- 
tomy using a nylon prosthesis. She had a thick ab- 
dominal wall and, because the central core of the 
prosthesis was short, it was brought out through the 
lower end of the main wound rather than through the 
customary separate stab wound. Despite this procedure 
the central core still did not protrude beyond the skin 
and the cap could not be applied. Hence an extension 
was made immediately and attached to the main stem 


while the patient was in the recovery room. The 
wound appeared unremarkable for the next few days, 
On the eighth postoperative day acute cholecystitis 
developed and she underwent emergency cholecystos- 
tomy. Shortly afterward a wound infection was noted 
in the lower angle of the original laparotomy incision 
near the central core of the prosthesis. Subsequently 
leakage developed about the gastrostomy and also 
about the cholecystostomy tube. This led to moder- 
ately severe maceration of the skin in these regions. 
A rubber feeding tube was inserted into the jejunum 
through the gastrostomy prosthesis and the patient’s 
nutritional status was maintained. By utilizing metic- 
ulous local care, the effects of leakage from the chole- 
cystostomy and gastrostomy were controlled. After 
excoriation of the abdominal wall had healed the 
patient received x-ray therapy and was discharged to 
continue gastrostomy feedings at home. At the time of 
discharge, the skin of the abdominal wall was healed, 
the gastrostomy was functioning well, and her general 
condition was improved. She died at home 8 months 
after the gastrostomy had been established. 


The remaining 20 patients (18 with gas- 
trostomy and 2 with jejunostomy) were fol- 
lowed for periods of from 2 weeks to 1% 
years. Although some have been able to take 
a limited amount of fluids by mouth, the 
majority have taken all of their nourishment 
via the prosthesis. There has been no leakage 
and the skin about the prosthesis has not be- 
come macerated. 

In 2 instances, following x-ray treatment 
in one and retrograde bougienage in the 
other, the patients improved to the degree 
that the gastrostomy was no longer needed. 
In each case, the prosthesis was removed 
without incident at a second operation, 
after 18 months and 6% months. 

The prosthesis was removed by an el- 
liptic incision of the skin and layers of the 
abdominal wall down to and including the 
stomach in the patient who had had pros- 
thesis for 18 months. The tract about the 
central core was lined by firm granulation 
tissue. There was slight atrophy of mucosa 
in the area immediately adjacent to the 
inner flange but the stomach was otherwise 
unremarkable. 


DISCUSSION 


With the exception of 1 patient, in whom 
marked paralytic ileus and evisceration de- 
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veloped, the gastrostomy did not contribute 
to the demise of any patient. Complications 
arose in 2 instances only. In both cases, 
wound infection developed that led to leak- 
age about the prosthesis in one patient and 
eventual slough of the prosthesis in one. 

The fatal complication rate was 1 in 26 
(3.8 per cent) while the rate of nonfatal 
complications was 2 in 26 (7.7 per cent). 

Connar and Sealy reviewed 125 gastros- 
tomies done between 1944 and 1954 and re- 
ported a fatal complication rate of 5.6 per 
cent and a nonfatal complication rate of 
14.4 per cent. Gibbon and associates de- 
scribed a modification of Glassman’s method 
and their results in 18 patients. In 2 cases 
the gastrostomy was not opened. ‘Iwo of the 
remaining 16 had slight to marked leakage 
with skin irritation, a nonfatal complication 
rate of 12.5 per cent. 

Other series reported on this subject by 
Sweet, Cooper and Buxton, Lyall and 
Leider, and Clay had fatal complication 
rates of from 9.8 to 34.8 per cent and non- 
fatal complication rates of from 12.1 to 
61.9 per cent. 

A review of 54 gastrostomies performed at 
the New York Hospital prior to 1956 re- 
vealed a nonfatal complication rate of 37 
per cent. 

In comparison with the use of the pros- 
thesis as described, there is a lower incidence 
of both fatal (3.8 per cent) and nonfatal 
complications (7.7 per cent). 

Many of the patients gained weight 
initially after the creation of the gastrostomy. 
However, as their underlying disease pro- 
gressed, they usually manifested a gradual 
loss of weight and a downhill course cul- 
minating in death. 

The fact that different surgeons with 
varying amounts of training and experience 
performed this operation with low morbidity 
and mortality rates emphasizes the ease with 
which the gastrostomy can be done. Almost 
all of these patients were able to feed them- 
‘elves through the gastrostomy with a 
minimum of instruction, attesting to the 
simplicity of the prosthesis and the little care 


needed for its maintenance and use. The 
absence of infection and skin irritation for as 
long as 114 years postoperatively indicates 
that the prosthesis is well tolerated and that 
it does not leak. 

When changes in thickness of the ab- 
dominal wall occur, the outer flange can be 
turned down or loosened, depending on 
whether there has been loss or gain of weight. 
If a patient gains weight and the abdominal 
wall gets thicker, unscrewing the outer 
flange a few turns will prevent undue pres- 
sure against the skin surface and thus prevent 
skin irritation. An occasional individual may 
have excessive granulation tissue around the 
central core at its point of emergence through 
the skin of the abdominal wall which may 
require occasional cauterization with silver 
nitrate. In most instances, however, this 
does not occur and dressings about the 
prosthesis are unnecessary. 

The need for gastrostomy still exists for 
many patients with obstructing, unresectable 
lesions of the esophagus or upper portion of 
the stomach with esophageal involvement. 
Providing nourishment during periods of 
x-ray irradiation therapy is one important 
reason for this procedure. Even in those pa- 
tients in whom no further treatment is 
possible, alimentation through the prosthesis 
has been comforting and palliative. Any 
fluid and full meals that have been pre- 
pared in an electric blender may be given 
without distress. After gastrostomy or jeju- 
nostomy, feedings may be begun as soon as 
desired unless there is some contraindication. 
By the end of 2 weeks, most of these in- 
dividuals are able to take from 400 to 500 
cubic centimeters of nourishment at any one 
time without distress. The operation de- 
scribed has proved to be simple, safe, and 
satisfactory and provides a method of feed- 
ing generally unaccompanied by leakage, 
infection, discomfort, or skin irritation. 

Experimental studies are being pursued in 
attempts to simplify the prosthesis and de- 
velop types that are suitable for temporary 
use. These should be able to be removed 
without requiring a second operation. 
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It was originally planned that the large 
inner flange drawn up against the gastric 
wall by screwing down the outer flange 
would prevent gastric contents from escap- 
ing along the fistulous tract. While this may 
be of value in the early postoperative period, 
of perhaps equal or greater importance later 
on may be the baffle-like effect produced by 
the threads along the central core. In 1 
patient from whom the prosthesis was re- 
moved at operation, fibrous tissue was 
noted to have grown between the threads 
forming a mold of the central core. While 
the core could be rotated freely, it could not 
be moved readily up or down in the tract, 
even without the obstruction produced by 
the inner and outer flanges. 

Hence it is possible that the flanges can be 
eliminated without incurring leakage. This 
would simplify removal of the prosthesis 
since it could be unscrewed from the ab- 
dominal wall. 

Should it be found that the inner flange is 
essential to prevent leakage a detachable or 
flexible flange may still allow the prosthesis 
to be removed without operation. 


SUMMARY AND CONCLUSIONS 


A new method using a prosthetic device 
for the formation of gastrostomy or jeju- 
nostomy has been used in 26 patients. 


There were 5 deaths in the immediate 
postoperative period only 1 of which could 
be causally related to the performance of the 
gastrostomy—mortality rate of 3.8 per cent, 
Wound infection occurred in 2 patients— 
complication rate of 7.7 per cent. 

The operation was successfully performed 
by a variety of surgeons, many of whom were 
acquainted with the method only through 
its description in a previous publication. 

With this technique a gastrostomy or 
jejunostomy is readily constructed. It is 
easily cared for by the patient or his family, 
does not leak, and does not lead readily to 
infection in the peritoneal cavity or in the 
abdominal wall. 

Modifications of the prosthesis are being 
tested in an attempt to eliminate the need 
for operative removal. 
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PERSISTENT DESCENDING MESOCOLON 


LEC 


IN ( \NTRAST to positional anomalies of the 


righ! half of the colon, which are not un- 
com on, similar anomalies involving the 
left |.alf of the colon are rarely seen. To be 
repo: ted herein are 3 examples of a rather 
clear-cut positional anomaly of the descend- 
ing olon. This anomaly may give rise to 


clinial symptoms and may simulate in- 
tern! hernia both clinically and roentgeno- 
grapliically. ‘This anomaly has been char- 
acterized by the term “persistent descend- 
ing mesocolon.”’ 

The condition is characterized by ab- 
normal persistence of the descending meso- 
colon from a point beginning at or just be- 
low the splenic flexure to the sigmoid colon. 
There is thus created an actual or potential 
recess behind the abnormal mesocolon in 
which all or part of the small bowel may be 
contained. ‘The anomaly is no doubt more 
common than would appear from a survey 
of the literature, in which only a very small 
number of cases of clinical significance have 
been reported. 


EMBRYOLOGY 


So complex a process is the embryonic 
rotation and fixation of the intestine that it 
is surprising that more anomalies do not 
occur. It is not difficult to become lost in 
describing the gyrations of the midgut as it 
leaves and re-enters the embryonal coelomic 
cavity between the fifth and tenth weeks of 
gestation. During the fifth week the elongat- 
ing intestinal tube herniates outside of the 
primitive coelom and continues to develop 
in length. Before it returns it undergoes a 
180 degree rotation counterclockwise about 
the omphalomesenteric vessels. Reduction of 
the midgut loop into the abdomen occurs 


From the Department of Surgery, Cedars of Lebanon Hospi- 
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rather abruptly during the course of the 
tenth week. 

As the coils of small bowel re-enter the 
abdomen, they do so first on the left. The 
hindgut is pushed to the left by the re-en- 
tering small bowel, thus delineating the 
future descending colon. On re-entering, the 
terminal ileum and cecum initially lie in 
the subpyloric area. As elongation of the 
colon continues, the cecum and ascending 
colon rotate an additional 90 degrees even- 
tually ending up in the right lower quad- 
rant. This rotation is generally complete by 
the twelfth week of fetal life. 

Up until the fourth month of gestation, 
there is no fixation or fusion of the various 
mesenteries (Fig. 1A, C). The bowel retains 
a potential, though somewhat restricted, 
mobility by virtue of this lack of mesenteric 
attachment. After the fourth month, how- 





Fic. 1. 


A, C, Condition at end of fourth month of 
gestation, showing primitive dorsal mesentery. B, D, 
Sites of fusion of primitive dorsal mesentery. Adapted 
from Arey (1). 
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Fic. 2. Patient N. G. A, Displaced descending colon. B, Loops of small bowel trapped to left of 
descending colon. C, Detail of small bowel loops in left iliac fossa. 


ever, this condition is altered as secondary 
fusions begin to fix various portions of the 
intestine into permanent position. ‘Thus by 
the end of the fifth month the mesenteries 
of the ascending and descending colon have 
become fused against the dorsal body wall, 
the fusion proceeding mediolaterally (Fig. 
1B, D). The final line of fusion laterally 
with the parietal peritoneum is well demar- 
cated, the fascial fusion layer of ‘Toldt. The 
transverse mesocolon remains free to a large 
extent, although it does fuse with and cover 
the duodenum as it crosses it. Similarly, the 
mesosigmoid remains largely free, but the 
mesorectum is obliterated as the rectum 
assumes its position against the sacrum. ‘This 
obliteration of large portions of the primi- 
tive dorsal portion of the mesentery by sec- 
ondary fusion and the resulting fixation of 
the gut is characteristic of the anthropoid 
apes and man. It does not occur in the 
quadrupeds and has therefore been related 
to the upright posture. 


CASE REPORTS 


Case 1. N. G., a 33 year old white female, com- 
plained chiefly of constipation of 10 to 12 years’ dura- 
tion which was becoming more marked recently. In 
addition, she complained of recurrent episodes of 
cramping paraumbilical pain, which were not associ- 


ated with nausea or vomiting. The attacks of 


cramping abdominal pain were occasionally juite 
severe. 


Roentgenographic examination of the colon after 


one of these attacks (Fig. 2) revealed the desce ding 
colon in a position rather far medially along thc left 
border of the spine. Lateral to the descending «olon 
was a group of air-filled small bowel loops. ‘1. the 
roentgenologist this was very suggestive of an int«rnal 
parasigmoidal hernia through a pathologic opening 
in the mesocolon. 

After another attack, a simple roentgenogram ! the 
abdomen and “partial”? contrast enema again re- 
vealed gas-filled loops of small bowel lateral to the 
descending colon. Again, 
terpreted the films as representing an_ internal 
hernia, with the small bowel loops “‘so arranged that 


the roentgenologis in- 


one might strongly suspect that they are contained 
within a peritoneal pouch.” 

CasE 2. F. S., a 69 year old white male, was seen 
during an attack of severe cramping pain in the lower 
abdomen associated with nausea and vomiting. [he 
attack was severe enough to necessitate hospitiliza- 
tion. Because the patient was known to have cardiac 
disease, with hypertensive and coronary disease, i! 
was suspected that he might have had a mesenteric 
vascular occlusion. However, his course did not 
corroborate this diagnosis and the attack subsided 
rapidly. 

After the attack, a barium enema (Fig. 3) reveled 
the descending colon to be in an abnormal position 
near the midline, with gas-filled small intestinal loops 
demonstrated on all films far lateral to the descend ing 
segment of colon. Again, the roentgenologist in- 
terpreted the films as representative of an inte: nal 
hernia, possibly through the mesosigmoid (inte) sig- 
moid hernia). 
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Fic. 4. 


Fic. 3. Patient F. S. A, Displaced descending colon. B, Ileal loops in left iliac fossa 
characteristic straight left border. 

Fic. 4. Patient L. B. A, Displaced colon. B, Ileal loops in left iliac fossa. C, I 
genogram showing descending colon reposited in left iliac fossa. 


showing 


*ostoperative roent- 


Casr 3. L. B., a 49 year old male, complained of nausea and vomiting, as well as a “drawing” sensa- 
recurrent episodes of crampy abdominal pain, chiefly tion toward the left scrotum. 
in the left lower quadrant. These attacks were oc- On roentgenographic examination of the colon 
casionally severe enough to incapacitate the patient. (Fig. 4), the descending colon was far medial to the 
He would at times obtain relief by lying on his right normal position. Lateral to the descending colon a 


side. Occasionally the attacks were accompanied by number of ileal loops were coiled in the left lateral 











Fic. 5. Diagrammatic representation of findings at 
operation in Case 3. 


gutter and left iliac fossa. The roentgenologic diag- 
nosis was possible internal parasigmoidal hernia 
through a defect in the mesocolon. 

Because of the recurrent attacks of incapacitating 
abdominal pain and the abnormal roentgenologic 
findings, the patient was subjected to exploratory 
laparotomy. At operation the immediate striking 
finding was the absence of small bowel from its normal 
position in the abdomen. The distal two-thirds of the 
descending colon swung free as an unfused mesocolon. 
Created thus was a paracolic fossa on the left, into 
which recess the entire small bowel from proximal 
jejunum to terminal ileum was crowded (Fig. 5). 
This recess was bounded superiorly by the fusion of 
the abnormal mesocolon with the posterior parietal 
peritoneum, posteriorly by the parietal peritoneum of 
the left colic gutter and the iliac fossa, anteriorly by 
the “‘persistent descending mesocolon,” and inferiorly 
by the pelvic brim. At one point the terminal ileal 
mesentery was fused to the sigmoid mesocolon, a fac- 
tor which was instrumental in preventing reduction 
of the small intestinal loops into the main abdominal 
cavity. 

The small bowel was replaced in its normal posi- 
tion. The parietal peritoneum in the left gutter was 
incised along its whole length. The abnormal fossa 
was obliterated by suturing the descending colon to 
the lateral cut edge of parietal peritoneum. Thus, an 
approximation of the normal line of fusion was 
obtained. 
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The postoperative course was not remarkable. 
Since the operation the attacks of crampy abdominal! 
pain have disappeared. A_ postoperative hb irium 
enema (Fig. 4C) revealed the descending colo: in a 
relatively normal position. The small intestina oops 
previously visualized lateral to the descending colon 
were no longer seen, save for 1 small slightly ga--tilleq 
loop. The anomaly appeared roentgenographic lly to 
have been corrected. 

DISCUSSION 

Congenital, positional anomalies « the 
colon may be roughly divided int\ two 
main groups: (1) anomalies of rotatio: and 
(2) anomalies of fixation. Among the © \om- 
alies of rotation, to mention 2 example . are 
the left-sided ascending colon and _eigh- 
lying cecum. Among the anomalies 0! |ixa- 
tion are persistent ascending and desce: cling 
mesocolon. On the right, the extensiv mo- 
bility of the right half of the colon, ¢ used 
by a persistent mesocolon, may resi.\t in 
volvulus of the cecum or ascending « jlon. 
On either side, lack of fusion may resiilt in 
a right (Waldeyer’s) or left (Lands :rt’s) 
paraduodenal hernia. 

The anomaly of interest herein is lack of 
fixation of the descending colon. ‘| liree 
types which have been reported are illus- 
trated in Figure 6. In Figure 6A, bot! the 
right and left half of the colon have failed to 
be fixed posteriorly. There is no transverse 
colon. In Figure 6B, three examples of 
which are being reported herein, the de- 
scending colon swings on its mesentery to 
the midline or slightly to the left of the mid- 
line. In Figure 6C reported by Black and 
by Hamdy and Sorbur the descending colon 
swings even more acutely to the right and 
is fixed to the region of the cecum or even 
behind it. 

When the descending’ colon possesses a 
mesentery as described in the operative case 
reported, all or part of the small bowel may 
be trapped behind it. This results in a rather 
characteristic roentgenogram (Figs. 2, 3. 
and 4). 

Visualized after a barium enema (by 
reflux or air shadow), the loops of sinall 
bowel are seen lateral to the descending 
colon. In the left iliac fossa where they are 
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Fic. 6. The three types of descending colon displacement that have been described. A, Absence 
of transverse colon. B, Moderate displacement of descending colon to left. C, Marked displacement 


of descending colon with paracecal fixation. 


crowded against the iliac bone, the loops 
form a characteristic straight line on the 
lateral margin (Figs. 2C, 3B, 4B). Roentgen- 
ologically the picture presented may be con- 
fused with that of the very rare intersigmoid 
hernia. 

In a sense, this malformation is similar to 
the left paraduodenal hernia, both anomalies 
resulting from lack of fixation of the de- 
scending mesocolon. Left 
hernia has its embryologic origin when the 
reducing small bowel is caught behind the 
mesentery of the descending colon and is 
eventually incarcerated there by the fixation 
of the left half of the colon to the posterior 
wall. The sac, therefore, lies to the left of 
the duodenum. The inferior mesenteric ves- 
sels course in the fold which constitutes the 
anterior free margin of the sac. The small 
bowel passes beneath the root of the mesen- 
tery to be trapped behind the descending 
colon. 

In the cases herein reported, the embry- 
onic reduction of the small bowel is normal. 
The small bowel passes over the root of the 
mesentery to be imprisoned behind the per- 
sistent descending mesocolon. In this anom- 
aly there is, of course, no sac nor can it be 
called a true internal hernia. 

The clinical picture associated with this 
anomaly must be extremely variable. In all 


paraduodenal 


3 of the cases reported here, the patients 
had episodes of crampy abdominal pain 
of greater or lesser severity. In Case 3, the 
symptoms were relieved preoperatively when 
the patient lay on his right side. Postop- 
eratively, the episodes of cramps have dis- 
appeared. The mechanism of the pain is 
probably transient, incomplete obstruction 
occurring in the loops trapped behind the 
colon. 

It should not be inferred from this report 
that corrective surgery is advisable if this 
anomaly is demonstrated on a roentgeno- 
gram. Severe recurrent symptoms of crampy 
abdominal pains, however, in conjunction 
with such a roentgenologic diagnosis should 
make one consider the advisability of cor- 
rective surgery. 

Correction of the anomaly consists of 
simply replacing the small bowel in its 
normal position and fixing the descending 
colon in the left gutter. In the operative 
case reported this was done by incision of 
the parietal peritoneum laterally and suture 
of the descending colon to the peritoneal 
edge, thus simulating the normal line of 
fusion. 


SUMMARY 
During the course of embryonic develop- 
ment the mesocolon of the ascending colon 








and descending colon normally fuse with 


the posterior abdominal wall. Failure of 


such fusion on the left results in a persistent 
descending mesocolon. Small bowel may be 
incarcerated behind such a persistent meso- 
colon, thus simulating an internal hernia. 
A characteristic roentgenogram is produced. 
Abdominal symptoms may at times be 
severe enough to warrant the performance 


of a laparotomy and the correction ©! 
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anomaly. 
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IN CHILDREN 


PRIMARY REPAIR OF COMPOUND SKULL FRACTURES 


KENSETH W. CARRINGTON, M.D., JAMES A. TAREN, M.D., and 
EDG \R A. KAHN, M.D., F.A.C.S., Ann Arbor, Michigan 


Wu & almost all neurosurgeons agree to 
the | rinciple of early debridement of com- 
pouri| skull fractures, there are many differ- 
ence of opinion as to the immediate han- 
dline of the bony defect which follows de- 
brid¢ment. During a 7 year period at the 
University of Michigan Hospital 20 children 
with compound skull fractures have been 
treatcd by replacing the free bone fragments 
as a primary procedure in 19 and by a pri- 
mary acrylic cranioplasty in 1 patient. 
This technique is not without precedent 
since William MacEwen in 1888 replaced 
bone fragments after washing them in bi- 
chloride of mercury. Coleman, Lyerly, Row- 
botham, and Browder also support the idea 
of early return of bone fragments. Free 
grafts from the outer table of the skull have 


From the Department of Surgery, Section of Neurosurgery, 
University of Michigan Medical School, Ann Arbor. 
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been used with excellent results by Gilling- 
ham, and primary repair of skull defects by 
acrylic resin has been described by Schor- 
stein and Reitz. 

Primary repair of skull defects should be 
considered in adults as well as children, but 
there are certain reasons why in children it 
is more important to repair these defects at 
the time of debridement. Such defects are 
not only undesirable cosmetically but they 
are a constant source of anxiety to the 
parents and a potential danger to the pa- 
tient. These defects are more difficult to 
repair secondarily in children because of 
their thin skulls; when prostheses are used 


they are more apt to loosen or fracture. 
There is a tendency to procrastinate on the 
theory that bone regeneration in children is 
more active than in adults—actually clean 
inch in 


defects of the vault more than 1 





Fic. 1. a and b, Ventriculograms made 3 years apart, of the same patient, showing ventricular 
dilatation occurring beneath a skull defect. Lateral roentgenograms confirm this increase in size. 
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Fic. 3. 


Fic. 2. Case 3. a, Preoperative roentgenogram. b, Roentgenogram made 114% years after 
replacement of free bone fragments. 

Fic. 3. Operative photographs of patient N. A. (Case 18). a, Appearance of undebrided fracture. 
b, Appearance during debridement showing fragmentation of outer table. c, Dural laceration 
closed after cortical inspection. d, Bone fragments have been replaced as a mosaic. 




















diameter rarely repair themselves in con- 


trast to defects resulting from excision of 


areas of osteomyelitis. The pulsation of the 
unsupported brain may lead to cerebral 
atrophy beneath such a defect with subse- 
quent development of neurologic deficit 
(Fig. 1) or such defects may contribute to 
the development of epilepsy due to changes 
in the hemohydrodynamics of the underly- 
ing, unsupported brain, as described by 
Walker. 
CASE REPORTS 

Four representative cases are presented in 
detail with roentgenograms to illustrate the 
various problems, techniques, and results. 


A tabulation summarizing all 20 cases is in- 


cluded (Table I). 


Case 3. D. H., Figure 2, a 14 year old left-handed 
white male, was thrown from a horse striking his head 
on a plow blade. He was immediately unconscious 
and was semicomatose upon arrival in the emergency 
room. Brain was extruding through a 4 centimeter 
laceration in the left parietal region. Right-sided 
hemiparesis with a positive Babinski sign was present. 
Roentgenograms were taken and the patient was 
operated upon within 5 hours after the accident. The 
bone fragments from a 10 by 10 centimeter depressed 
fracture in the left parietal region were all removed 
and saved (see Fig. 3, Case 18 N. A.). Necrotic brain 
was removed from a cortical laceration involving the 
left motor strip through an 8 centimeter dural lacera- 
tion which was then closed. Several large bone frag- 
ments were boiled and replaced in the bony defect. 
These were held in place by placing periosteal bridges 
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Fic. 4. Case 5. a, Preoperative roentgenographic appearance of depressed left parietal occipital 
fracture. b, Immediate postoperative roentgenogram showing upper fragment in poor position with 
its lower border between skull and dura. c, Roentgenogram 2 years later. The dislodged fragment 
has become absorbed and the free fragments are incorporated. 


over them, and the scalp was closed in a single layer. 
The patient remained semicomatose for 2 days post- 
operatively and then made a rapid recovery with sub- 
sidence of the neurologic deficit. He had a seizure in- 
volving the face some 5 days postoperatively but has 
had no subsequent convulsions. ‘Two months after the 
accident, there was a 3 by 3 centimeter pulsatile defect 
in the left parietal region but by 9 months after opera- 
tion this defect was solid. Two and one-half years after 
the accident this defect is solid, but there is some slight 
depression present. Neurologically, he is now normal 
and asymptomatic. His parents report his school work 
to be at preaccident level, and there is no report of 
personality change. 

Case 5. J. K., Figure 4, a 6 year old, right-handed 
white male, was struck by an automobile and thrown 
33 feet. On arrival at the emergency room brain was 
extruding from the left parietal area, but the patient 





Fic. 5. Case 17. Roentgenograms of the skull showing: 
a, The fracture of the supraorbital ridge preoperatively 
and b, 3 months after the replacement of the ridge. 
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Case No. 
Name 
Age 
Sex 
Date of 
operation 

i. 
P.R. 8 yrs. 
M. 6-1-51 


F.L. 10 yrs. 

M. 12-23-53 
3. 

D.H. 14 yrs. 

M. 9-9-56 


4. 
J.H. 4 yrs. 
M. 3-31-57 
_% 
J.K. 6 yrs. 


M. 5-29-55 


6. 

B.F. 11 yrs. 
F. 1-9-51 
F.W. 4 yrs. 
M. 4-29-52 
8 


R.S. 10 yrs. 
M. 4-10-56 


9. 
4.8; 12 yrs. 
M. 7-15-56 
10. 
M.H. 6 yrs. 


M. 10-18-55 


14. 
C.B. 12 yrs. 
M. 3-28-54 


14, 
ss. Soyrs. 
M. 10-9-54 


Time from 
accident to 
definitive 


repawr 


3% mos. 
old com- 
pound- 
ing, de- 
bris in 
wound 


8% hrs. 


1% hrs. 


34 hrs. 


51% hrs. 


3 days 


15 days 


12 hrs. 


4 days 


6 hrs. 


416 hrs. 


4 hrs. 


TABLE I. 


Type of accident 


Struck in R. temp- 


oroparietal re- 
gion with pipe 


Struck by truck 


sleigh riding 


Fell from horse. 


Struck head on 
plow blade 


Struck by auto 


Struck by auto, 


thrown 33 ft. 


Struck on head 


with brick 


Auto accident. 
Dashboard injury 


Struck in L. frontal 


region by golf 


club 


Fell out of motor 


boat, struck by 
boat 


Ran into water 


fountain 


Struck on head by 


golf club 


Struck by auto 


Steel object fell off 


truck, through 
windshield strik- 
ing patient 


Struck on head 
with armature of 


electric motor 


Brain laceration 


None 


None 


Yes—2 x 2x8 cm. 


cortical lacera- 
tion, facial area 


Yes—R. frontal 


lobe 


Yes—necrotic 


brain 


Yes—necrotic 


brain removed 
2x1%x1%cm. 


None 


None 


None 


None 


None 


Yes—1x1x3cm. 


in left frontal 
lobe 


Yes—2 x5x2cm. 


L. frontoparietal 
region 


Yes 


Dural 


lucera- 


lion 


No 


Yes 


Yes— 


cm. 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


-SUMMARY OF 20 CASES 


Dural 
graft 


No 


No 


Yes— 
perios- 
teum 


Yes—1 
x4 
cm. 
perios- 
teal 
graft 


2% cm. 
graft 


——Convulsions 


Immediate 
No 


Local fa- 
cial 
seizures 
for 5 
days 


No 


Yes—jack- 
sonian 
seizures 
for 7 
days 

Yes—4 
days. 
Jackson- 
ian left- 
sided 
facial 


No 


Yes—on 
OR. 
table 


No 


No 


After 


J 
mos. 


No 


No 


No 


No 





Size and 
location 


of bony 
defect, cm. 
2.5 right 

parietal 


R. frontal 


6%2 
10x 10L. 


parietal 


2x4W¥R. 
Supraorb- 
ital ridge 
es We ei #8 


parietal 


6x8R. 
parietal 


2*HaR, 
supra- 
orbital 
ridge 

2x SL. 
frontal 


x 2 supra- 
orbital 
ridge 


15, 
frontal 


ax-2'L. 


frontal 


2 x 2 bi- 
frontal 


to 


* 6 L. 
fronto- 
parietal 


4 cm. 


vertex 
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TABLE I. 

Cas 
Nam 
{oe Time from 
Sex accident to 
Date definitive 
per repair Type of accident Brain laceration 
15. 51% hrs. Auto accident Necrotic cortex 
S.M. > yrs. removed 
EB: 7 + 
16 4 hrs. Fell from 2nd floor Yes—necrotic 
G.H. + yrs to cement drive- brain removed 
M. 7- '4-5 way 
17. 7 hrs. Auto accident Yes—frontal 
DP. : 3 yre. lobe debrided 
M. 9-00-58 2x4cm. 
18. 1 hr. Auto accident No 
N.A. 10 yrs. 
F, 12-17-58 
19. 4 hrs. Shot with 32 cali- Yes 
J.C. 5 mos. ber bullet, enter- 
M. 10-20-58 ing and exiting 

L. parietal region 
20. 3 hrs. Auto accident Yes 
D.P. 7 yrs 
M. 3-31-58 


was semiconscious and was moving all four extremi- 
ties. Roentgenograms were obtained and within 40 
minutes of the accident the patient was operated upon 
and the depressed bone fragments were removed. 
Necrotic brain was removed, the dural laceration was 
closed primarily, and the bone fragments were boiled 
and returned to the defect. These were covered only 
partially with pericranium bridging from either side 
of the defect. The bony defect measured 2 by 7 centi- 
meters. Postoperatively, the patient was aphasic and 
had a right-sided hemiparesis both of which cleared 
within 1 month of the operation. The patient had a 
right-sided jacksonian convulsion 7 days after the 
operation and anticonvulsive medication was begun 
and administered for 1/4 years postoperatively. There 
were no subsequent convulsions. Two years after the 
injury there is no neurologic or mental deficit and the 
area of the fracture is solid. 

Case 17. D. P., Figure 5, a 13 year old, right- 
handed white male, was involved in an automobile 
accident. A large laceration was present in the right 
supraorbital region and brain was extruding through 
the laceration. The patient was comatose. On explora- 
tion 7 hours after the accident, the right supraorbital 
ridge was found to be depressed into the frontal lobe 


as a free fragment through a dural defect which 
measured 2 by 4 centimeters. The roof of the orbit was 
completely avulsed. The frontal lobe was debrided 
and the supraorbital ridge removed and placed in 
saline. The dura was closed with a temporalis fascia 
graft. The supraorbital ridge was replaced and wired 
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SUMMARY OF 20 CASES—Continued 


—__Convulsions Size and 
Dural After location Length of 
lacera- Dural 3 of bony follow-up, 
tion graft Immediate mos. defect, cm. (mos.) 
No No No No 2x %L 57 
frontal 
Yes No No No 7x9OR. 22 
frontal 
Yes Yes No No Entire sup- 8 
tem- raorbital 
pora- ridge 
lis 
fascia 
Yes No No No 5x44R 5 
parietal 
Yes No No No 4x 10L 7 
parietal 
Yes No No No Ix4L 13 
fronto- 
parietal 


for stability. The patient made an excellent recovery 
and neurologically was normal at the time of dis- 
charge. The supraorbital ridge remained in excellent 
position, and a fine cosmetic result was obtained. It 
should be noted that the frontal sinuses were not de- 
veloped in this young male. 

Case 19. J. C.,an 8 month old white male, was shot 
with a 32 caliber pistol, the bullet entering the left 
parietal region and exiting through the left frontal 
region. On admission to the emergency room, the pa- 
tient was conscious but there was some weakness of the 
right arm and leg. The patient was operated upon 4 
hours after the accident through a transcoronal flap so 
that both the wounds of entrance and exit of the mis- 
and the fragmented skull could be 
visualized (Fig. 6). The bullet tract was debrided, ap- 


sile between 
proximately 2 by 2 by 10 centimeters of brain tissue 
being removed. The bone fragments were removed to 
gain exposure and were washed in saline. The larger 
fragments were replaced after the dura was closed. 
Postoperatively, the deficit 
cleared, and there has been no evidence of infection 
or seizures. 


patient's neurologic 


DISCUSSION 

All but 2 of the cases at the University of 
Michigan Hospital were debrided within 2 
or 3 days of the accident with replacement of 
the bone fragments. All patients have been 
carefully checked postoperatively and _ pri- 
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Fic. 6. Case 19. Photographs 2 weeks postoperatively 
showing transcoronal skin flap with the wounds of entry 


and exit. 


mary healing without pulsatile defect at the 
site of repair has resulted in all instances. 
There have been no complications. 
Fourteen patients had dural lacerations 
which were closed primarily or with dural 
grafts and 12 patients had cortical lacera- 
tions with loss of brain tissue. However, in 
no case has a permanent neurologic deficit 
resulted. Even in the absence of dural 
laceration, we advise that a small opening 
be made in the dura at the time of the pri- 
mary repair to permit subdural exploration. 
Although 3 patients had convulsions in 
the immediate postoperative period, there 





10 - 26-58 


a 





have been no subsequent seizures. Epilep ic 
attacks in the immediate postoperative j.c- 
riod are generally focal in type, do not 
necessarily recur, and do not carry tie 
serious import of those which occur su)- 
sequently. 

These seizures are only expressions of tie 
acute cerebral injury. Walker has pointed 
out that the incidence of posttraumatic 
epilepsy is approximately 36 per cent if 
there has been laceration of the brain and 
that only one-third to one-quarter of those 
patients who ultimately develop posttrau- 
matic epilepsy have their first attack after 2 


—< 





Fic. 7. Case 19. a, Preoperative roentgenogram. Note shattering of the skull. b, Postoperative 


roentgenogram. Fragments have been replaced. 
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yeas. Twelve of our patients who had brain 
laccration have been traced for from 7 
moths to 9 years. Since there have been no 
reported convulsions in any of our patients, 
it vould seem that the incidence of post- 
traumatic epilepsy may have been reduced 
in (us series. 
SUM IARY 

‘| he primary repair of compound skull 
fraciures in 20 children using the free bone 
frac ments has resulted in primary healing in 
all, without pulsatile skull defect or com- 


— 


plication. We would stress the necessity of 
dural closure either primarily or by graft if 


the bone fragments are to be replaced. The 
supraorbital ridge has twice been replaced 
as a free fragment with an excellent cos- 
metic result. It is believed that the incidence 


of posttraumatic epilepsy may have been 
reduced by this procedure. 
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IRON-DEFICIENCY ANEMIA IN PREGNANCY 


CHARLES A. HUNTER, JR., M.D., F.A.C.S., Indianapolis, Indiana 


‘THE MAINTENANCE Of an optimal hemoglobin 
level has become one of the more important 
objectives in the care of the pregnant pa- 
tient. Today, the recognition of anemia oc- 
curring during pregnancy has been en- 
hanced greatly because of a better under- 
standing of iron metabolism. Approxi- 
mately 98 per cent of the anemias occurring 
during pregnancy are iron-deficiency ane- 
mias. 

In 4,744 consecutive patients admitted to 
the Obstetrical Service during the period 
from 1956 to 1958 inclusive, 852 patients 
were found to have moderate anemia and 
89 severe anemia. In this series, moderate 
anemia refers to a hemoglobin ranging 
from 9 to 11 grams per 100 milliliters and 
severe anemia, less than 9 grams per 100 
milliliters, occurring at any time during 
the prenatal period. Approximately one- 
third of these patients are from the private 
service and two-thirds from the ward serv- 
ice. No attempt was made to subdivide the 
anemic patients into racial groupings. ‘The 
over-all incidence of moderate and severe 
iron-deficiency anemia during this period 
was 20 per cent, of which 2 per cent was 
severe anemia. 

A diagnosis of anemia, in this study, was 
made when the initial hemoglobin deter- 
mination or a repeat hemoglobin deter- 
mination taken during the last trimester 
of pregnancy fell below 11 grams per 100 
milliliters. In view of recent reports from 
Holly (4, 5), this level is probably too low 
and the dividing line should be 12 grams 
per 100 milliliters. Observations during this 
study substantiate the need of using the 
higher figure of 12 grams per 100 milliliters 
hemoglobin as the lower limits of normal 
during pregnancy. 


From the Department of Obstetrics and Gynecology, Indiana 
University Medical Center, Indianapolis, Indiana. 
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Iron-deficiency anemia is only one \s- 
pect of the over-all iron-deficiency stat« in 
the pregnant patient. Iron is not only an 
essential component of hemoglobin, ut 
also of myoglobin and many enzyme \s- 
tems. In the past few years, the use of rac ‘o- 
active iron studies have delineated m ire 
clearly the changes occurring in alte: ed 
iron metabolism. 


IRON METABOLISM 

A brief review of iron metabolism is 
necessary for understanding the devel: p- 
ment of the iron-deficiency state during 
pregnancy. The total body iron of a nor al 
adult female is approximately 3 to 4 granis, 
of which 1,800 to 2,400 milligrams ire 
contained in the circulating hemoglobin. 
Myoglobin contains 10 to 20 per cent anc a 
smaller amount is present in the respiratory 
enzymes. The remainder (500 to 1.000 
mgm.) is stored in the liver, spleen, and 
bone marrow. 

Absorption. The average diet contains 10) 
to 15 milligrams of food iron, of which (.5 
to 1.5 milligrams are absorbed daily by the 
normal individual. In subjects with iron 
deficiency, the ability for iron absorption 
is enhanced up to 3 to 4 milligrams per day. 
Ingested iron must be reduced to the fer- 
rous form in the stomach and _ intestine 
before it can be absorbed. Iron is absorbed 
mainly through the mucosa of the duode- 
num and upper ileum; however, recently, 
Heilmeyer has shown very good gastric 
absorption of iron. 

The mechanism by which iron is ab- 
sorbed is not completely understood. Ac- 
cording to Granick, individual iron ions cin 
pass through the mucosa directly to the 
blood stream when only minimal amoun's 
of iron are available from the lumen of t 
intestinal tract. When increased amounts «f 
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iron ire available, the iron enters the mu- in storage is completely depleted, and, con- 
cosa cell by combining with the protein, — versely, iron storage is not replenished until 
apol' rritin, to form ferritin. Ferritin §re- after the hemoglobin has reached its nor- 
lease; iron directly into the blood stream. mal level (above 12 gm./100 ml.). 

Recent studies by Heilmeyer indicate that Erythropoiesis. The main pathways of nor- 


there is no such thing as a “‘mucosal block’”’ mal serum iron exchange are from serum to 
€ ass f preventing further iron absorption, but that —_ marrow to erythrocytes and then, after de- 


it in Jan ui known regulator of iron uptake exists. struction of the erythrocyte, back to serum. 
y an 7: nsport. Iron is transported in the plas- ‘It has been estimated that more than 90 
ut [—fma ».y an iron-binding protein, beta-1 per cent of the iron leaving the serum enters 


vss Folobulin, called transferrin. Normally, there — erythropoietic marrow and only two-thirds 
aC ‘O- Fis sutlicient transferrin to combine with and of this iron is utilized for hemoglobin for- 
more ftransport 9 to 10 milligrams of iron. Or- mation. The remainder returns to the se- 
teced) Fidinaiily, only approximately a third of the — rum. In the marrow, the iron is combined 
avail ible transferrin is bound with the total — with erythrocyte protoporphyrin within the 
serum) iron. Determination of serum iron _ red cell to form hemoglobin. ‘The measur- 
measures the amount of iron bound to able erythrocyte protoporphyrin is the 
m is ftranslerrin. The normal range of serum amount of unbound porphyrin in_ the 
elop- Fiiron is 60 to 200 micrograms per 100 milli- | erythrocyte and, in the normal patient, 
wing Fliters. The unbound or latent iron-binding — ranges from 20 to 50 gamma per cent. A 
rnial protein, transferrin, is termed the latent small fraction of the hemoglobin mass is 


ais, ijron-binding capacity. ‘The average latent destroyed and replaced each day. This 

ore firon-binding capacity is approximately 185 iron from hemoglobin breakdown is liber- 
bin. micrograms per 100 milliliters with a nor- ated into the serum and made available to 
nda [mal range of from 100 to 200 micrograms the marrow for new hemoglobin formation. 
tory per 100 milliliters. ‘The total iron-binding Recent studies by Pollycove indicate that 


000 Bcapacity is equal to the sum of the serum 25 to 30 milligrams per day of iron are 
and firon value and the latent iron-binding — used for hemoglobin synthesis and that the 
capacity value. The total iron-binding ca- mean life span of erythrocytes in normal 
is 10 [pacity indicates the total amount of iron subjects is approximately 120 days. In pa- 
1 0.5 Fthat can be bound by the transferrin in the tients with iron-deficiency anemia, the life 


F the serum. span of the erythrocyte is considerably re- 
iron Storage. ‘The main sites of iron storage — duced (a 30 to 60 day life span). As a result 
tion are in the liver, spleen, and the bone mar- of the shortened life span of the poorly 
day. row. Iron is stored in the cells as ferritin or hemoglobinized red cells in the iron-de- 
lcr- [i hemosiderin. Although ferritin is more dif- ficiency state, the marrow is hyperplastic. 

stine filerentiated than hemosiderin, both forms Excretion. ‘The amount of iron excreted is 
rbed are available for hemoglobin synthesis when small—from 1 to 1.5 milligrams per day. 
ode- the need arises. The factors regulating the ‘These losses are from the urine, the gastro- 
ntly, fJfamount of stored iron are absorption and intestinal tract, and sweat. Approximately 
suic excretion of iron and the amount of hemo- —=15 to 30 milligrams of iron are lost each 
globin circulating. The only practical month by the average menstrual flow. This 

ab- [method for determining the amount of added loss of iron by the menses keeps the 

Ac- [storage iron is staining aspirated marrow female in a precarious state of iron balance 

con Flor iron. Normally, the amount of iron in — and accounts for the higher frequency of 
tie § storage is 40 per cent of thatin hemoglobin, iron-deficiency anemia occurring in women. 

un's  fapproximately 1,000 milligrams of iron, Tron transport to the fetus. Iron is delivered 
Pthe $f Holly (5) has shown that iron-deficiency to the placental villi by maternal trans- 


its ol anemia does not occur until after the iron ferrin, and the transferrin in the fetal blood 
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TABLE I.—IRON BALANCE IN PREGNANCY 
Tron requirement, mgm. 
Fetus and placenta. ... STN 400 
Increased red blood cell mass........... 500 
Blood loss at delivery ee 100 
Excretion. ... : ne 200 
Total... ‘ eee 1200 


Iron absorption 500 
2, ee er ee : eee 700 


TABLE II.—EXAMPLE OF HEMATOLOGIC VALUES 


Morphologic 
Hemoglobin 10 gm./100 ml. 
Hematocrit 


Red blood cells 


30 per cent 
3,500,000/mm.* 


Mean corpuscular hemoglobin 


concentration value. 33 per cent 


Biochemical 


Serum iron 30 megm./100 ml. 


Iron-binding capacity (transferrin 


GR eee ee 380 mcgm./100 ml. 


Erythrocyte protoporphyrin......... 100 megm./100 ml. 
conveys iron from the placenta to the fetus. 
The exact mechanism for transfer of iron 
across the placenta is not known. Maternal 
injection of radioactive iron rapidly ap- 


pears in the fetal blood, within a matter of 


minutes. In spite of the higher fetal serum 
iron than the maternal serum iron, the 
direction of iron transfer is only toward the 
fetus. It is assumed that this one-way trans- 
fer against a gradient is due to the fetal 
need, since the iron uptake is proportional 
to the fetal weight. The term fetus and 
placenta require approximately 400 milli- 
grams of iron. The largest amount of iron 
is required by the fetus during the last 
trimester of pregnancy—approximately 310 
milligrams of iron. Daily iron requirements 
of the fetus are estimated to be 1 milligram 
per day for the first trimester and 2 milli- 
grams for the second trimester. Because of 
the rapid fetal growth in the last trimester of 
pregnancy, this fetal demand is increased 
to 4 milligrams per day (Fig. 1). 

Many women enter pregnancy in a pre- 
carious state of iron balance. The iron re- 
serve or storage already has been reduced 
or absent because of the additional loss of 
15 to 30 milligrams of iron each month from 
the menstrual blood. During pregnancy, the 
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demand for iron by the fetus, placenta, and 
increasing blood volume of the mother js 
sufficient to produce anemia when iron 
storage is low or absent. Iron balance dur- 
ing a normal pregnancy is illustrat jn 
Table I. The additional demands fo: iron 
upon the mother amount to approxi: \tely 
1,200 milligrams during the entire reg. 
nancy and, during this same period 0! me, 
approximately 500 milligrams of iro are 
absorbed from a normal diet. This lea: +s an 
iron deficit of approximately 700 ailli- 
grams. If the maternal iron reserve ) ade- 
quate, this amount of iron is readi!. mo- 
bilized and converted into hemos >bin, 
However, if iron storage is low or © sent, 
this iron deficit manifests itself by ar ron- 
deficiency anemia in the mother. 

The studies by Holly (4) have show . that 
the anemia which formerly has bee: con- 
sidered ‘‘physiological’’ is actually pro- 
duced as a result of an iron-deficiency - (ate. 
In the normal pregnancy, approxim itely 
500 milligrams of iron are needed for ddi- 
tional hemoglobin formation if the rec cell 
mass is to increase proportionately wit!: the 
increased plasma volume. Coleman has 
shown that the bone marrow is capalle of 
doubling its rate of hemoglobin production 


if sufficient iron is supplied. Therefore, if 


sufficient amounts of iron are made avail- 
able to the maternal marrow, the patient 
can maintain her hemoglobin and _ hema- 
tocrit values throughout pregnancy. 


DIAGNOSIS 

The diagnosis of iron-deficiency ancmia 
in pregnancy is occasionally difficult, es- 
pecially if the anemia is not marked and of 
only a few months’ duration. Formerly, the 
diagnosis of anemia was made only after the 
typical morphologic changes occurred. [he 
majority of patients with mild and moder- 
ate iron-deficiency anemia in pregnancy 
have a normocytic and normochromic 
blood picture. Finch (8) has stated that the 
characteristic red cell changes in iron de- 
ficiency are a late manifestation and occur 
months after reserve iron is used. 
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The early changes of this anemia during 
pregn incy are the biochemical alterations 
(iron-),inding capacity, serum iron, eryth- 


rocyte protoporphyrin values). In Table 
II, a» example of the hematologic values 
taken n 1 patient during pregnancy illus- 


trates he early biochemical changes as com- 


pared {o the late morphologic changes. In 
this pitient, the mean corpuscular hemo- 
globii' concentration value is still in the 
norm. | range in spite of the iron deficiency. 
Abnormally high transferrin levels are 


found in iron-deficiency anemias. Laurell 
noted that the iron-binding capacity is 
increased before a subnormal serum iron 
value occurs. In iron-deficiency anemia of 
pregnancy, the iron-binding capacity is 
above 250 micrograms per 100 milliliters, 
the serum iron falls below 60 microgram 
per 100 milliliters and the erythrocyte pro- 
toporphyrin values are above 60 micro- 
grams per 100 milliliters. These biochemical 
alterations occur when the hemoglobin 
falls below 12 grams per 100 milliliters and 
the hematocrit below 37 per cent. 

Since most clinicians do not have access 
to these biochemical determinations, the 
diagnosis of iron-deficiency anemia in preg- 
nancy can be assumed to occur when the 
hemoglobin and hematocrit are below these 
arbitrary values. In severe anemia (below 
9 gm./100 ml. hemoglobin), further in- 
vestigation, such as biochemical determina- 
tions and bone marrow biopsy, is indicated. 
TREATMENT 

The treatment of iron-deficiency anemia 
isiron. This statement seems rather trite but 
itis worth repeating, when one considers the 
vast number of multiple ‘‘hematinics”’ of- 
lered to the physician. To date, there has 
been no clear evidence of the increased 
efficacy of iron salts in a combination of 
Vitamins, specifically By and folic acid. Co- 
balt in combination with iron may induce 
an increase of the hematocrit value, but the 
difference in the hematocrit over that pro- 
duced by iron salts alone is not important. 
Several clinicians believe that cobalt has no 
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TRIMESTER OF 
Fic. 1. 


PREGNANCY 


Iron requirements of fetus. 


place in the treatment of iron-deficiency 
anemia. It has been demonstrated that per- 
sons with gastric achlorhydria absorb iron 
normally and, as a result, these patients do 
not need hydrochloric acid nor ascorbic 
acid to supplement the iron therapy. ‘These 
comments only serve to emphasize that iron 
alone is the proper treatment for 
deficiency anemia. 

In iron-deficiency anemia occurring dur- 
ing pregnancy, the main therapeutic con- 
siderations are (1) the calculation of an 
adequate dose of iron needed, (2) the route 
of administration, and (3) the duration of 
therapy. Of the many methods for calculat- 
ing the total amount of iron required, the 
formula suggested by Holly (5) is preferred 
by the author: 


iron- 


13.5—Pt. Hgb. ae , 
——T00 < 4,000 * 3.4 + 500 = 


mgm. iron required 


In this formula, 4,000 is the average blood 
volume and 3.4 is the conversion factor from 
erams of hemoglobin to milligrams of iron. 
An additional 500 milligrams of iron are 
added to replenish the iron reserves. It is not 
adequate to restore only the hemoglobin to 
normal level, but it is also necessary to 
supply sufficient iron to replace the iron 
stores. 

There are two routes of administering 











214 Surgery, Gynecology & Obstetrics » February 1960 


iron, oral or parenteral. The preferred 
method is by the oral route if possible. ‘The 
well known oral salts, ferrous sulfate and 
ferrous gluconate, are still unsurpassed both 
in effectiveness and low cost. From 10 to 15 
per cent of the iron is absorbed when given 
in amounts of from 80 to 150 milligrams per 
day. Larger sources of oral iron will not 
materially increase its absorption and will 
be likely to cause irritability of the gastro- 
intestinal tract. Once anemia is corrected, 
the mucosal absorption of iron. salts is 
greatly reduced and it takes months to re- 
constitute iron stores by this route. 

The indications for the use of 
parenteral iron in the prenatal period are 
intolerance to oral iron or a limited time for 
correcting the iron deficit before the onset of 
labor. It is stated that approximately 10 to 
20 per cent of patients receiving oral iron 
have severe enough gastrointestinal com- 
plaints to interfere with the oral treatment. 
If the oral iron is started during the early 
months of pregnancy, usually sufficient time 
remains for restoring the iron deficit. How- 
ever, to begin oral iron in the eighth or ninth 
month of gestation does not allow sufficient 
time for adequate iron absorption before 
delivery. In these instances, the intramuscu- 
lar route of administration is indicated. The 
preferred intramuscular iron preparation is 
iron-dextran. This iron preparation can be 
given in doses of 100 to 500 milligrams 
daily. Usually, adequate parenteral iron will 
produce a hemoglobin increase of approxi- 
mately 2 grams within 14 to 20 days. From 
recent reports on the use of iron-dextran, it 
appears to be the agent of choice for paren- 


chief 


teral use. Because of the relative absence of 


toxic effects from iron-dextran, the jm. 
portance of calculating the total amount o| 
iron required is apparent to prevent the 
danger of iron overloading. It has been 
suggested that no more than 3,000 jnilli- 
grams of iron-dextran should be ad) iinis- 
tered during any one course of tre« nent 
for iron-deficiency anemia. 


SUMMARY 


The most common complication | <soci- 
ated with pregnancy is iron-deficienc  ane- 
mia. In this series of patients, 1 ou of 5 
patients was found to have a moder te o1 
severe type of iron-deficiency anemia. \\hen 
the maternal hemoglobin falls bel vy 12 
grams per 100 milliliters, iron stores © ¢ de- 
pleted and the need of iron therapy be. omes 
apparent. Oral iron started early in preg- 
nancy adequately supplies iron re \uire- 
ments during pregnancy. The indic tions 
for using parenteral iron are limit d to 
those patients who develop an intolera ice to 
oral iron or in those patients who have an 
iron-deficiency anemia occurring late ‘1 the 
pregnancy. 
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GIG ANTOMASTIA COMPLICATING PREGNANCY 


EDW \RD F. LEWISON, M.D., FLA.CLS.., GEORGEANNA SEEGAR JONES, M.D.., 


FRANCES H. TRIMBLE, M.D., Baltimore, Maryland, and LUIZ DA COSTA LIMA, M.D., 


Rio dc Janeiro, Brazil 


Hyp x TROPHY of the breasts in pregnancy is 
a natiiral phenomenon which may be con- 
verted on rare occasions into both a medical 
and scientific curiosity by the development 
of gigantomastia. This term denotes a dif- 
fuse, progressive, massive and frequently in- 
capacitating enlargement of the breasts as- 
sociated with pregnancy. This condition un- 
doubtedly represents an abnormal response 
to physiologic stimulation. ‘True giganto- 
mastia develops rapidly during pregnancy, 
undergoes regression after delivery, and re- 
curs with subsequent pregnancies. 

In the experience of The Johns Hopkins 
Hospital during the last 25 years there have 
been 2 cases in 56,794 deliveries. 

HISTORICAL REVIEW 

Deaver and McFarland analyzed 240 
cases of mammary hypertrophy collected 
from the literature and decided that only 


182 represented true hypertrophy. In 35 of 


these cases the patient was seen for the first 
time during pregnancy because of an exac- 
erbation of the breast hypertrophy. In only 
29 patients of this group does the history 
suggest true gigantomastia, with gross en- 
largement in successive pregnancies. The 
earliest of these was reported by Palmuth in 
1648, with the description ‘‘both breasts en- 
larged in every pregnancy and the axillary 
glands swelled to the size of a child’s head.” 
Van Swieten described a similar case in 
1746, in which the breasts subsided after 
each lactation period. Rosinski observed 1 
patient through 4 pregnancies, with spon- 
From the Breast Clinic of the Department of Surgery and the 
Departments of Gynecology and Obstetrics of The Johns 
Hopkins Hospital, Baltimore. : 
Aided by grants from the Maryland Division of the American 


Cancer Sox iety, the Marcelle and Edwin M. Fleischmann 
Foundation, the Kann Foundation, and the Read’s Foundation. 


taneous regression after each period of lac- 
tation. In many of the patients analyzed by 
and McFarland, bilateral 
amputation was performed both in the vir- 


Deaver breast 
ginal hypertrophy and in the pregnancy 
group. Thus the patient’s response to a sub- 
sequent pregnancy could not be determined, 
nor the possibility of a slow but spontaneous 
regression of the gigantomastia. Surgical 
intervention was usually deemed necessary 
for mechanical reasons, either because of 
difficulties with ambulation, or because of 
local changes in the breasts due to excessive 
weight and circulatory impairment, with ul- 
ceration, sloughing, hemorrhage, and infec- 
tion. As recently as 1920 Simpson reported 
the death of a 32 year old primipara early in 
pregnancy from sloughing and secondary 
infection of markedly enlarged breasts. 
Bankoff has reported a series of 6 patients 
suffering from primary sterility or repeated 
abortions, in whom at least 1 successful 
pregnancy followed mammoplasty for breast 
hypertrophy. One of the 2 patients described 
by Burslem and Dewhurst was followed 
through 2 successive pregnancies, with min- 
imal postlactation regression; this patient 
was treated unsuccessfully with stilbestrol 
after her second delivery. In 1957 Williams 
reported a patient observed through 2 preg- 
nancies; bilateral amputation of the breasts 
was performed early in the first pregnancy. 
Gross enlargement and ulceration of super- 
numerary breasts in the axillae necessitated 
their operative removal in the second preg- 
nancy in spite of testosterone therapy. Both 
testosterone and progesterone therapy were 
used unsuccessfully by Blaydes and Kinne- 
brew in their 1 patient, but amputation be- 
came necessary because of massive hemor- 
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rhage. Endocrine studies conducted on this 
patient were inconclusive. 

Deaver McFarland felt sure that 
breast hypertrophy resulted from a blood 
borne disturbance that was probably endo- 
crine in origin. Since then the isolation of the 
ovarian hormones, and more recently of the 
pituitary group, has clarified the pattern of 
breast development. Although breast devel- 
opment may appear in infancy and child- 
hood, significant changes usually appear 
only with the onset of puberty. Undoubted- 
ly, the bulk of the tissue is adipose, but there 
is a gradual downward growth of ducts from 
the nipple anlage with the formation of glan- 
dular elements. The hormones principally 
responsible for breast development are pro- 
lactin, or the mammotropic hormone, and 
the ovarian hormones, estrogen and _ pro- 
gesterone. All three are essential for normal 
development. However, it appears that 
somatotrophin, or the pituitary growth hor- 
mone, is also mammogenic in action and, in 
addition to increasing body weight, seems to 
cause even more intense mitotic activity and 
duct proliferation than prolactin and estro- 
gen alone. It is of special interest in this 
study to note that high concentrations of at 
least three of these hormones (estrogen, pro- 
gesterone, and mammotropin) and possibly 
somatotrophin are produced in the placenta. 
Prolactin itself has a three-fold action— 
mammotrophic, luteotrophic, and_ lacto- 
genic—and so is essential in the differentia- 
tion of alveolae and lobule formation in 


and 


synergism with progesterone. All phases of 


breast development and activity proceed 
more normally in the presence of adrenal 
hormones, stimulated by corticotrophins. 
This normal pattern of breast develop- 
ment is dependent not only on a continuing 
supply of hormones but also on efficient han- 
dling of these substances by the liver. Zon- 
dek, in 1934, suggested that the inactivation 
of steroids took place in the liver. Evidence 
has since accumulated from animal experi- 
ments to indicate that most phases of the 
metabolism of the sex steroids occur in the 
liver prior to both utilization and excretion. 


Folic acid, which is essential for the tissue 
growth functions of estrogens, is stored ii the 
liver. Normally, the liver has a wide m irgin 
of safety and gross damage must be pi sent 
before there is clinical evidence of distiirbed 
steroid metabolism. However, curren! con- 
cepts concerning corticoid metabolis:n in 
pregnancy make it appear altogethe: pos- 
sible that the liver glucuronic acid con) \igat- 
ing mechanism may be so overtaxed after 
the first trimester (even in normal pregn ‘ncy) 
that it becomes inefficient. 
ETIOLOGY 

There are a few scattered reports of | reast 
hypertrophy occurring in more tha: one 
member of a family, but scarcely enov +h to 
suggest a true familial predisposition. 

Growth of the breasts, whether at pu erty 
or during pregnancy, is the direct resiilt o! 
hormone stimulation, and the resulta: | size 
depends on the responsiveness of each indi- 
vidual mammary gland. Geschickter | ound 
that the administration of estrogens \» pa- 
tients with virginal or gravid hypert: ophy 
led to further enlargement of the breas's. He 
believed that breast tissue possessed an in- 
nate self-limitation of responsiveness which 
is absent in patients with hypertrophy, and 
he was unable to block the effect of intense 
estrogen stimulation in these patients cither 
with testosterone or the lactogenic hormone. 
PATHOGENESIS 

Microscopic examination of breasts re- 
moved late in pregnancy usually shows some 
lactogenic effect. However, the most striking 
change is the tremendous hypertropliy 0! 
connective tissue which is considerably in 
excess of the glandular hyperplasia. Nor- 
mally two types of connective tissuc are 
present in the breast: (1) the fibrous sup- 
porting connective tissue which usually con- 
tains fat and separates collections of lobules 
from each other and which takes no active 
part in breast changes; and (2) the intra- 
lobular connective tissue which may be 
either periductal or periacinar and which! 


_ responsive to hormone stimulation. [hi 
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Fic. 1. a, b, Microscopic sections of patients T. T. 
nective tissue stroma proliferation associated with pregnancy. The fibrous tissue stroma appears to 
be edematous and fluid containing. 


tissue increases in states of normal breast ac- 
tivity, as at puberty and in pregnancy. Nor- 
mal stroma cells resemble small fibroblasts, 
and usually small fibrils are present in the 
tissue. Moskowicz was the first investigator 
to observe cyclic changes in breast stroma. 
He found edema of the periductal and peri- 
acinal connective tissue in the premenstrual 
phase, with a wide-meshed reticular arrange- 
ment of fibrils. Later in the cycle this tissue 
becomes thicker and more compact. Ratzen- 
hofer has recently described the presence of 
microscopically demonstrable amounts of 
free fluid, with a high protein content, in the 
interstitial tissues, during pregnancy and 
the menstrual cycle. He found that the per- 
sistence of this fluid in patients with hor- 
mone imbalance led to a change in the pro- 
teins and to the synthesis of solid mucopoly- 
saccharides. Of special interest in this con- 
nection are the 
breast stroma of Ihnen and Perez-Tamayo, 
and more recently of Fisher and Creed. In 
the periductal stroma of patients with gyne- 
comastia these latter investigators were able 
to identify a ground substance which proved 
to be a mucopolysaccharide presumably 
identical with hyaluronic acid. A substance 
with similar metachromatic properties was 
isolated in fibroadenomas, and with less in- 


histochemical studies of 





and S. F. showing acinar and periacinar con- 


tensity in normal female breast tissue. ‘This 
same substance has isolated, after 
estrogen stimulation, in other connective 
tissue, such as the sex skin of the monkey, 
which is responsive to hormone stimulation. 
Itseems highly probable that similar changes 
occur in the stroma in gigantomastia (Fig. 
la and b) and that one is dealing with ab- 
normal retention in the tissue spaces. 


been 


CASE REPORTS 


Case 1. T. T., an 18 year old unmarried negro 
female, was first admitted to the obstetrical service of 
The Johns Hopkins Hospital on September 10, 1947, 
because of marked enlargement of both breasts asso- 
ciated with her first pregnancy. Her serologic test for 
syphilis was negative and she was Rh positive. In 
August 1947, when 6 months pregnant, she first noted 
rapid breast enlargement associated with pain and 
tenderness. When she entered the hospital, the cir- 
cumference of the right breast was 67 centimeters, and 
the circumference of the chest was 105 centimeters. 
All roentgenologic and laboratory studies were nega- 
tive except for a slight anemia (hemoglobin, 11 gm.). 
A biopsy of the right breast revealed “lactating breast” 
(Fig. 1b). The patient received massive doses of stil- 
bestrol (7,640 mgm. in 18 days) without benefit to her 
enlarged breasts; clinically she appeared worse. The 
circumference of the chest actually increased to 107 
centimeters. She was discharged from the hospital on 
October 5, 1947. Urinary pregnanediol assay on Sep- 
tember 12, 1947 was 3.8 milligrams per 24 hours 
(normal average 40 grams per 24 hours, low 30 milli- 
grams per 24 hours), and on October 4, 1947 it was 
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a 


Fic. 2. a, b, Patient T. T. during ninth month of her third pregnancy. Circumference of chest 


measured 112.5 centimeters. 


28.8 milligrams per 24 hours (normal average 50 milli- 
grams per 24 hours, low 40 milligrams per 24 hours). 
While being observed in the prenatal clinic, the 
breasts became progressively larger. The patient was 
readmitted to the hospital on November 12, 1947. 
The circumference of the chest was 113 centimeters; 
right breast 73 centimeters, and left breast 80 centi- 
meters. Laboratory studies revealed a severe anemia 
(hemoglobin 6.0 gm.). After transfusions she was 
delivered by elective low forceps of a 2,450 milligram 
normal female child on November 25, 1947. On the 
second postpartum day, the breasts increased in size 
and the circumference of the chest was 121 centi- 
meters. The patient was in agonizing pain and the 
tense skin of the breasts started to ulcerate. A short 
course of testosterone therapy was of no benefit. Mor- 
phine and ice caps provided some palliative relief. 
Breast feeding was attempted but was unsuccessful. 
The postpartum course became febrile and despite 
penicillin therapy, the temperature rose to 102 de- 
grees F. at night. The patient became lethargic and 
semiresponsive. Her pulse was weak, her skin was cold 
and her respirations were rapid and shallow. Although 
urinary output was adequate the nonprotein nitrogen 
rose to 100 milligrams per cent, and the chlorides were 
82 milliequivalents per liter. Her condition remained 
shock like and critical for several days. Both breasts 
were markedly engorged and exquisitely tender. 

On December 5, 1947, an ill-defined tender mass 
was noted in the right upper quadrant of the abdo- 
men. The white blood count was elevated to 20,500 
but all other laboratory tests were negative. Sulfa- 
diazine was added to her therapy and her general 
condition gradually improved. On December 12, 
1947 her chest circumference had regressed to 105 
centimeters. 

On January 9, 1948, the circumference of the chest 
was 98 centimeters and the breasts were nodular, en- 
larged, and tender. A mass in the right upper quad- 
rant was still present but thought to be the liver. Lab- 
oratory studies were essentially negative except for the 


b 


glucose tolerance curve which was flat. Bio 
breast and right axillary node revealed chronic 


abscess, lactating breast, and hyperplastic 


node. On January 20, 1948, the circumference 
chest was 95 centimeters, left breast 64 centii 
and right breast 64 centimeters. She was disc! 


on January 24, 1948. 


The patient was next admitted to the Unive: 
Maryland Hospital on February 1, 1950 in 
labor. The prenatal course was complicated | 
lateral enlargement of the breasts for which s! 
under observation. Chest circumference on Dec 
14, 1949, was 106 centimeters, and on Janua 
1950, it was still 106 centimeters. There was a 
taneous delivery of a normal male child. On th« 
postpartum day the breasts became much larg: 
tremely painful, and her temperature rose to || 
grees F. Analgesics were of slight benefit. Pen 


and aureomycin were given. The temperature « 


tion gradually subsided and the breasts slow 
gressed in size. The patient was discharged on 


ruary 10, 1950. Breast feeding was not attempted 
patient stated that the breasts returned to 


size’ in about 8 weeks. 


cy 


She was next seen February 17, 1953, at the 
Hospital when she was 6!4 months pregnant 


breasts were again markedly enlarged. On Ap 
1953 the circumference of the chest measured | | 
centimeters, and the circumference of right breas| 
65 centimeters. (Fig. 2a and b). Patient was : 
100 milligrams of testosterone propionate intra 
cularly 3 times a week for 4 weeks until delivery, 
no change in the size of the breasts. Spontaneou 
livery occurred on April 28, 1953. The postpa 
course was marked by engorgement of both br 


pain, and temperature elevation. Testosterone 


pionate and terramycin were administered. Bilater 
tubal ligation and appendectomy were _perto: 
prior to discharge on May 19, 1953. The breas 


turned to “normal” size in about 2 
(Fig. 3). 
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Cas 2. S. F., a 20 year old married negro female, 


was firs admitted to the obstetrical service in March 
1954 r serologic test for syphilis was negative and 
she w- Rh negative (no antibodies). She spontane- 
ously «: livered her second child, a 3,800 gram normal 
femal: who was breast fed and is at present alive and 
well pertension developed during the postpartum 
peri¢ at the patient had no difficulty with excessive 
breas! «nlargement. 

Her ext pregnancy was in 1955 at which time a 
norm: male infant was delivered at Baltimore City 
Hosp: No complications were noted. 


In |)cember 1956 this patient was 3 months preg- 


nant \ en she was first operated upon at The Johns 
Hopki\s Hospital because of an excessive enlargement 
of the icft breast. The pathology report revealed a 
giant {)!roadenoma. Within 3 weeks after her hospital 


discharze, the patient was readmitted to the surgical 


service because of pain, redness, and progressive swell- 
ing of the left breast. Some discharge was noted from 
the previous biopsy incision, and a marked enlarge- 


ment of the inframammary accessory breast on the 
left was present. The right breast was enlarged but not 


to the same degree as on the left. Surgical excision of 


the accessory left breast was performed on December 
24, 1956. 

She was followed in the breast and obstetric clinics 
for gigantomastia complicating pregnancy. From Jan- 
uary to April 1957 the circumference of the left breast 
increased from 53 to 80 centimeters; the right breast 
from 53 to 63 centimeters. She was admitted to the 
obstetrical service April 4, 1957, for observation and 
study. Significant findings revealed marked hyper- 
trophy of both breasts, particularly on the left (Fig. 4). 
There was extensive nodularity which was soft and 
nontender. The vascular markings were greatly in- 
creased and there was evidence of edema of the de- 
pendent portion of both breasts. The abdomen showed 
asymmetric swelling with the fundus above the um- 
bilicus. There was moderate peripheral edema. Lab- 
oratory studies revealed a marked anemia with a 
hematocrit of 26.9 per cent, hemoglobin of 7.0 grams, 
and red blood cell count of 2,940,000. There was a 
normal white blood cell count and differential. The 
urine was normal as were the chemistry values for non- 
protein nitrogen, sugar, cholesterol, phosphorus, alka- 
line phosphatase, and protein-bound iodine. The bili- 
rubin was less than 0.8 milligram per cent, the cephalin 
flocculation was 1 plus, and the thymol turbidity was 
slightly elevated to 7.2 units. The total serum protein 
was 7.4 grams per cent, but the albumin was 3.1 grams 
per cent and globulin 4.3 grams per cent ratio was 
reversed. ‘The urinary estrogen assay was elevated but 
not consistent with the duration of pregnancy: 


Limits of normal values: 


Estrone 0.06 mgm./24 hrs. 0.4- 1.5 mgm./24 hrs. 
Estradiol 0.04 mgm./24 hrs. 0.1— 0.4 mgm./24 hrs. 
Estriol 2.30 mgm./24 hrs. 7.0-15.0 mgm./24 hrs. 


Total estrogens 2.40 mgm./24 hrs. 
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Fic. 
showing remarkable regression of gigantomastia. 


3. Patient T. T. 2 years after her last pregnancy 


4-6-57 Pregnanediol 12.8 mgm./24 hrs. (aver.33mgm./24hrs., 
low 20 mgm. /24 hrs.) 
4-11-57 Pregnanediol 13.4 mgm./24 hrs. (aver. 40 mgm. /24 hrs., 


low 30 mgm. /24 hrs.) 


17-Ketosteroid 2.74 mgm. (normal 7-15 mgm./24 hrs.) 


a-ketonic 2.14 mgm. 


No characteristic patterns. 


The patient was transfused and given iron therapy 
and discharged to the breast clinic where she received 
50 milligrams of testosterone propionate intramuscu- 
larly 3 times a week. During the next 2 months the 
patient continued on testosterone therapy with little 
or no further change in the size of the breasts. 

On re-examination just prior to delivery the follow- 
ing hormone assays were obtained: 


Pregnanediol 21.8 mgm. /24 hrs. (aver. 65 mgm./24 hrs., 
low 23 mgm./24 hrs.) 

17-Ketosteroids 12.5 mgm./48 hrs. (method of Dobriner) 

a-ketonic fraction 9.4 mgm./48 hrs. 


Androsterone 1.8 mgm./48 hrs. 


Etiocholanolone 1.68 mgm./48 hrs. 


No recognizable patterns otherwise. 


On June 11, 1957, the patient delivered a normal 
2,870 gram female child with normal genitalia and 
no enlargement of the clitoris. Results of all blood 
chemistry studies were normal including the 17-keto- 
steroid value of 5.13 milligrams per 24 hours. Testos- 
terone therapy was continued for 1 month post 
partum and the breasts regressed slowly. Physical 
examination in June 1957 revealed multiple areas of 
hypertrophy and nodularity with soft axillary aden- 
opathy present on both sides. Tubal ligation was ad- 
vised but refused by the patient. Examination on No- 
vember 6, 1957, revealed that the breasts had almost 
returned to normal size and consistency. 

On April 9, 1957, the patient was examined in the 
breast clinic and found to be 3 months pregnant. The 
breasts again were enlarged with an “‘orange-sized 
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tumor” present on the left (Fig. 5). She was admitted 
to The Johns Hopkins Hospital on April 21, 1958 for 
endocrine evaluation. Special studies revealed 11.1 
grams of hemoglobin, hematocrit 36.4 per cent, white 
blood cells 5,800, normal differential count, nonpro- 
tein nitrogen 23 milligrams per cent, cholesterol 225 
milligrams per cent, total protein 7.6 grams per cent, 
albumin 3.8 grams per cent, globulin 3.8 grams per 
cent, urine, blood volume normal, hemoglobin electro- 
phoresis normal and liver function tests normal. The 
following hormone assays were performed on blood 
and urine: 
Normal values: 

Pregnanediol Average Low 
4-25-58 14.7 mgm./24 hrs. 
4-27-58 7.4mgm./24 hrs. 
4-29-58 8.0 mgm./24 hrs. 


19 mgm./24 hrs. 10 mgm./24 hrs. 
19 mgm./24 hrs. 10 mgm. /24 hrs. 
19 mgm./24 hrs. 10 mgm./24 hrs. 
17-Ketosteroids 

4-24-58 3.84 mgm./24 hrs. 
4-25-58 2.2 mgm./24 hrs. 
5-1-58 3.75 mgm./24 hrs. 


5 mgm. /24 hrs. 
5 mgm. /24 hrs. 
5 mgm. /24 hrs. 


10 mgm. /24 hrs. 
10 mgm. /24 hrs. 
10 mgm./24 hrs, 


Androsterone 
2.07 mgm. /24 hrs. 


Etiocholanolone 
1.23 mgm./24 hrs. 


4-25-58 Growth hormone (blood) 520 mcgm./100 ml. plas- 
ma (280-295 mcgm./100 
ml.) 

.6 eq./ml. of plasma. 


206 1.U./24 hrs. 


58 Progestin (blood) 
-1-58 Prolactin (urine) 


Average Low : 
17-Hydroxycorticosteroids (urine) 
4-24-58 1.42 mgm./24 hrs. 17.5 mgm./24 hrs. 4.5 mgm./24 hrs. 


17-Hydroxycorticosteroids (plasma) 


4-28-58 5.4 mcgm./100 ml. plasma 6-12 mcgm./100 ml. 


Urinary estrogens (method of Brown) Average values: 

4-25-58 Estrone 0.27 mgm./100c.c. 0.1 —0.2 mgm./100 c.c. 
Estradiol 0.07 mgm./100 c.c. 0.06-0.1 mgm./100 c.c. 
Estriol 2.80 mgm./100c.c. 1.0 -2.0 mgm./100 c.c. 
Total 3.13 mgm./100 c.c. 


Estrone Average values: 


4-27-58 Estrone 0.02 mgm./100c.c. 0.2 -0.4 gm./100c.c. 
Estradiol 0.1. gm./100 cc. 0.08-0.15 mgm./100 c.c. 
Estriol 0.69mgm./100c.c. 1.5 -3.0 mgm./100c.c. 
Total 0.72 mgm./100 c.c. 


4-29-58 Estrone 0.01 mgm./100c.c. 0.2 -0.4 mgm./100c.c. 
Estradiol 0.01 mgm./100c.c. 0.08-0.15 mgm./100 c.c. 
Estriol 0.61 mgm./100c.c. 1.5 -3.0 mgm./100c.c. 
Total 0.63 mgm/100 c.c. 


The salicylic acid conjugation test of liver function 
was performed April 30, 1958, when the patient was 
about 3% months pregnant. The results indicated a 
decreased ability of the liver to conjugate salicylic 
acid. A normal pregnant patient served as the control. 
After delivery this salicylic acid conjugation test was 
repeated and found to be normal. The results were as 
follows: 51.2 per cent glycine, 21.7 per cent glucuron- 
ide, 60 per cent of glucuronide fraction as acyl, and 
27.1 per cent free. 

On May 2, 1958, the patient was placed on 17- 


alpha ethinyl-19-nortestosterone (norethindron:), 20 
milligrams a day. This compound is an oral provesta- 
tional agent. During the next 4 months the patien: con- 
tinued on norethindrone therapy receiving 20) ;,jjIj- 
grams daily. The measurements of the breasts s}) wed 
no further increase in size during the remain ‘er of 
pregnancy while the patient was receiving thi: drug 
(Figs. 6 and 7). 


Greatest circumfe , cm. 
Chest Le! Breast 
on eC CC ree 104 3 
PIB digs bd Rene eA GIN ARIS 102 2 
Ee ne tee Penn Co 106 4 
ee aR aa ge a ae = 112 3 
9-10-58 Norethindrone stopped. 
ROPE crete crx, ete afaik cyan oe ole GVO g 114.5 ) 
10-10-58 Delivery of a 3030 gm. normal male infan hout 
complications. 

ERR 55s set via rag vied GONE OS re: ) 
Testosterone proprionate 50 mgm. I.M. q.d. for 1 wee 
BES Ime ess A Asti saeee dee aroha sate Gioia shane P99 93 ) 
Bp FOES sunk 6/ ar eons CR LR Sor Faucet GAROaU 94 42 


A few weeks after delivery the newborn inf« : de- 
veloped pneumonia and was treated intensive!\ with 
antibiotics. This therapy was unrelated to no: ‘hin- 
drone therapy. 

On November 17, 1958, the patient was ad) itted 
to the hospital for tubal ligation. Section of the right 
ovary was examined and found to be norms.. All 
laboratory studies were considered normal inc! iding 
urine analysis, Fishberg test, electrocardioy:ams, 
roentgenograms of the chest, blood counts, and !)lood 
chemistry examinations. Liver function studie. were 
essentially normal (including a salicylate conjuyation 
test). 


DISCUSSION 


In a review of the available laboratory 
studies made during previous pregnaiicies 
complicated by gigantomastia, it was ap- 
parent that the urinary steroid metabolites, 
pregnanediol, estrogens, and 17-ketoster- 
oids, were low. However, as the values were 
obtained from specimens collected after the 
onset of the breast hypertrophy and at such 
times when the patients were chronically ill, 
there was some question as to the interpre- 
tation of the results. Therefore, it was for- 
tunate that a study of the steroid hormone 
excretion could be made in the 1958 preg- 
nancy of patient S. F. at the third month of 
pregnancy and in the initial stages o! the 
breast hypertrophy. An effort was made to 
document as many factors as possible which 
might be related to steroid metabolisin or 
. breast growth and lactation. 
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Fic. 6. 





Fic. 7 


Fic. 4. Patient S. F. showing gigantomastia during seventh month of her third pregnancy. The 
circumference of the right breast is 63 centimeters and the left breast 80 centimeters. 
Fic. 5. Patient S. F. on April 22, 1958. Prior to norethindrone therapy. Patient 314 months 


pregnant. 


Fic. 6. Patient S. F. July 9, 1958. After 10 weeks of norethindrone therapy breasts show no in- 


crease in size but only a change in contour. 


Fic. 7. Patient S. F. on September 10, 1958. After 18 weeks of norethindrone therapy breasts 
still show no increase in size. Patient now 8 months pregnant. 


The laboratory findings indicated that 
there was a depression of all steroid hormone 
metabolites in the urine and a decrease in 
the liver function as manifested specifically 
in inability to conjugate salicylates. These 
changes may be important factors in the 
cause of gigantomastia associated with preg- 
nancy. This theory coincides well with the 
clinical picture in that the difficulty does not 
arise until the third month or shortly there- 
after in pregnancy at which time the steroid 
load begins to increase with increased pla- 


cental steroidogenesis; the breast hyper- 
trophy recurs with each pregnancy once the 
condition is established; in the absence of 
pregnancy, when there is no steroid over- 
load, the liver function is apparently normal 
and the breasts are normal in size; the pi- 
tuitary hormones, somatotrophin and prolac- 
tin, said to be associated with breast growth 
and lactation, are apparently normal. Al- 
though it is believed that these 2 patients 
have demonstrated obvious difficulty in 
steroid hormone metabolism, it should be 
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pointed out that pregnant patients with liver 
damage severe enough to produce jaundice 
do not show this abnormal breast hyper- 
trophy. It would seem, therefore, that per- 
haps in addition to the disturbance in ster- 
oid metabolism and liver function one must 
also postulate a target organ sensitivity to 
account for the gigantomastia. This seems 
quite reasonable in view of the difference in 
the actual size of the two breasts observed in 
patient S. F., as well as the frequently noted 
clinical curiosity of unilateral gynecomastia. 

Various types of hormone therapy for this 
condition were attempted. Patient T. T. re- 
ceived estrogen during her first pregnancy 
in an effort to suppress breast hypertrophy. 
It was obvious that the course of the illness 
was aggravated by this hormone. The cir- 
cumference of the chest prior to therapy had 
been 105 centimeters, and after therapy 
(7,640 mgm. of stilbestrol in 18 days), the 
chest circumference actually increased to 
107 centimeters and the patient’s discomfort 
was marked. The administration of testo- 
sterone propionate in the subsequent preg- 
nancy of T. T., as well as in the first preg- 
nancy complicated 
S. F., certainly did not produce any notice- 
able improvement. In the 1958 pregnancy 
of S. F., it was decided to use an orally ac- 
tive progestogen in an effort to ameliorate 
the gigantomastia. The biopsy report re- 
vealed a substantial fibrous tissue hyper- 
trophy which, under some experimental 
conditions, can be produced by unopposed 
estrogen stimulation. The pregnanediol as- 
says also indicated that the progesterone 
production might be low in these patients. 
A potent progestogen like norethindrone 
was considered worthy of a therapeutic trial. 
The improvement of patient S. F.’s condi- 
tion, as well as the fact that the expected 
progression of the gigantomastia with preg- 
nancy failed to develop, was most gratify- 
ing. The clinical improvement was also 
manifest in the improved urinary preg- 
nanediol excretion over that seen in the pre- 
vious pregnancy as well as the apparent im- 
proved estrogen excretion although in this 


by gigantomastia of 


instance there was only a single value for 
comparison. 

It is interesting to speculate upon he 
mechanism of the apparent clinical resu' ts, 
This steroid might have induced an aciiial 
shift in steroidogenesis and changed hie 
ratio of estrogen-progesterone producti.in, 
Or in some fashion it could have impro\ ed 
the steroid conjugation function of the liy er, 
thus decreasing the tissue concentratio: of 
all *‘free”’ steroids. The progestational cd ug 
might have complemented or “‘neutraliz: | 
an estrogen effect on the breast tissue its ‘If, 
None of these theories seems to satisfy al of 
the laboratory and clinical findings, and ie 
answer remains to be found in further »- 
vestigations on subsequent patients. 

It is hoped that the successful hormo .:l 
management of this patient will encour. x 
others to attempt similar endocrine evaliia- 
tions and therapy in an effort further to sub- 
stantiate the rationale and value of such 
treatment. If norethindrone proves to be as 
successful in other patients as it was in ‘he 
latter patient in the present report, it will be 
of considerable importance as it may ob- 
viate not only considerable discomfort but it 
should put an end to mutilating and un- 
necessary surgery. It was and perhaps stil! is 
common practice to amputate one or bot! 
breasts for this essentially benign disturbance. 

The hormonal relationships between tii 
entirely benign excessive breast hypertrop |i 
and the neoplastic growth of breast cance 
remain to be clarified by endocrine metho 
and biochemical yardsticks yet to be di 
covered. 
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SUMMARY AND CONCLUSIONS 

1. Two patients with gigantomastia coin- 
plicating pregnancy are reported. 

2. The incidence, etiology, and _patlio- 
genesis of this unusual clinical condition ire 
discussed. 

3. A comprehensive clinical and labora- 
tory profile including extensive hormone 
assays was obtained in 1 of these 2 patients. 

4. The data indicate a depression of «ll 
steroid hormone metabolites in the uric 
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and i decreased liver function as measured 


by the salicylate conjugation test. 


5. In addition to a disturbance in steroid 


meta!olism and a decrease in liver function, 
it mist be assumed that gigantomastia also 
represents an abnormal target organ sensi- 


tivity 


6. Conservative treatment with the pro- 


gesta ional agent norethindrone (norlutin”) 
20 milligrams daily appeared to control the 
gigai: tomastia and to arrest its progression 
during the last half of pregnancy. 
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THE IMPORTANCE OF ‘THE VASA VASORUM 


OF THE AORTA 


H. B. BENJAMIN, M.D., GRETCHEN BARTENBACH, B.A., and 
WALTER ZEIT, Ph.D., Milwaukee, Wisconsin 


By DEFINITION the vasa vasorum are the ves- 
sels that supply the large arteries and veins 
with blood. “These nutrient vessels, called 
the vasa vasorum, arise from a branch of the 
artery, or from a neighboring vessel at some 
considerable distance from the point at 
which they are distributed; they ramify in 
the loose areolar tissue connecting the artery 
with its sheath, and are distributed to the 
external coat, but do not, in man, penetrate 
the other coats; in some of the larger mam- 
mals a few vessels have been traced into the 
middle coat.” 

The vasa vasorum as an anatomic entity 
were known for over 200 years, but refer- 
ences to these vessels are usually vague. The 
accepted description is that they do exist 
and are found in the adventitia and in some 
animals in the muscular layers of the large 
blood vessels, and that each of the vasa 
vasorum is accompanied by two vena 
vasorum which run perpendicular to the 
long axis of the host vessel. ‘The best refer- 
ence to this structure was made by Wood- 
ruff who did his investigative work on the 
horse and dog. 

Our interest was particularly aroused in 
these vessels when an attempt was made to 
explain the failure of suture lines in homol- 
ogous vascular replacements. Furthermore, 
it was noted that when vascular clamps 
with sharp edges caused tracks in the normal 
aorta these areas ruptured although the 
suture line fused. Because of these failures 
we believed that the host vessel segments 
were devascularized and that homologous 
vessel grafts were completely devascularized 
structures in which secondary saccular 
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aneurysms would develop and failure wo 
result. 

Stern related the vasa vasorum to art« i- 
osclerotic pathogenesis, while Lowenb: -¢ 
and Shumacker were concerned with thi se 
vessels in relationship to vascular rep: r. 
Barbareschi as well as Short investigated | .e 
vasa vasorum in the larger vessels of | 1c 
body. McCloskey and Chu developed : ¢ 
work of Stern another step when they = 1- 
vestigated the vasa vasorum as an etiolo: ic 
factor in the development of dissecti ig 
aneurysms. 

All the major texts of anatomy mention 
these vessels, and some describe them in tiie 
media and adventitia, but as to the actual 
origin of these blood vessels one finds 110 
description. 

When an organ, especially one the size of 
the aorta, is deprived of its blood supply it 
must of necessity undergo degeneration. Ex- 
amination of multiple slides by varicd 
methods of staining failed to demonstrate 
any of the small microscopic channels that 
are stated to run from the lumen of the ves- 
sel to the subintimal area for regional 
nourishment. 

When it was definitely determined that 
the vasa vasorum arose from an intercostal 
or a lumbar artery a method of retrograde 
perfusion was used. The contrast material 
was perfused through a large segment of an 
intercostal artery. With the cannula in the 
intercostal artery the vasa vasorum were 
filled with contrast media (Fig. 1). Immedi- 
ately a flare of dye was seen extending along 
the long axis of the aorta from a small obvi- 
ous branch of this intercostal artery. ‘These 
minute branches of the vasa vasorum ap- 
parently do not cross over the aorta where 
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Fr. 1. This roentgenogram shows the cannula in the 
intercostal artery for a retrograde injection study of its 
bran: ing vasa vasorum. The excess bismuth oxychlo- 
ride puddled in the lumen of the aorta. 


it is immediately behind the pleura or the 
peritoneum, as seen in Figure 2. On the 
other hand, the loose areolar area behind 
the aorta appears to act like a mesentery, 
and in this area accessory vessels are found. 
This is shown in Figure 4. These vessels are 
of a larger caliber and ramify in all direc- 
tions. 

Segments of the aorta in the region of 
either an intercostal artery or a lumbar 
artery were also studied for intramuscular 
branches. ‘These signet ring segments of 
aorta showed the same vascular pattern 
seen previously in our studies of the vascular 
patterns of the small intestine (2, 3). This is 
shown in Figure 6. The branches within the 
media circled the aorta and also ran parallel 
with the long axis of the vessel supplied by 
these nourishing branches. Figures 3 and 5 
show the vasa vasorum as they leave the 
intercostal artery. The vasa vasorum do not 
cross over the so called mesentery but per- 
forate the adventitia to enter the media as 
shown in Figure 8. Some of the vasa vaso- 
rum from one intercostal or lumbar artery 
cross and anastomose with vasa vasorum 
from the next intercostal artery either above 
or below its segment. Figure 8 is a section of 
the aorta through an intercostal artery. This 
photograph of a hematoxylin and eosin sec- 
tion shows the intercostal artery and the 
vasa vasorum in close approximation. 





Fic. 2. This roentgenogram shows an unusual pattern. 
A connection between two intercostal arteries on the 
same side. Vasa vasorum spring from each intercostal 
artery. 


MATERIAL AND METHODS 

Numerous human aortas were furnished 
us by Dr. Robert Haukohl of the Evangeli- 
cal Deaconess Hospital from available post- 
mortem material. ‘These vessels were washed 
in cold water, and all of the branches were 
clamped and tied. Care was taken to tie 
these branches as far from the parent vessel 
as possible. A cannula was inserted into the 
proximal end of the aorta, and a suspension 
of bismuth oxychloride was injected into 
the vessel at a pressure of about 120 milli- 
meters of mercury. At this time the vessel 
was observed for leaks or fluid dissection. 
All leaks were tied, and if the dissection of 
the vessel by the bismuth oxychloride was 





Fic. 3. This roentgenogram shows the prominent inter- 
costal arteries. No anastomosis across the midline. The 


vasa vasorum are spread out in all directions to supply 
the host vessel. 
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Fic. 4. Fic. 


os Fic. 6. 


Fic. 4. When vessels are present in the attached portion of the aorta, “‘mesentery,”’ the vasa vaso- 
rum tend to send branches to anastomose with these vessels. A section of tissue was removed from 
this specimen in the region of the intercostal artery for homatoxylin and eosin stain. 

Fic. 5. This roentgenogram shows the parallel arrangement of the intercostal arteries with minute 
vasa vasorum coming from the lateral aspect of each of these vessels. The vasa vasorum do not 


cross over the midline of the host vessel. 


Fic. 6. This roentgenogram shows a transverse section of the intact aorta at the level of an in- 
tercostal artery. The course of the vasa vasorum can be readily seen. The plaques within the lumen 
of the aorta show the extensive arteriosclerosis with the obliteration of the vasa vasorum in this re- 


gion. 


small the leak was found and controlled; if, 
however, the dissection progressed for a 
distance the specimen was discarded. The 
injected specimen was then placed in forma- 
lin for fixation. 

After fixing, the vessel was cut open along 
its peritoneal or pleural covered surface and 
placed on an x-ray plate and exposed to the 
x-rays by using 50 kilovolts, 7 milliamperes, 
15 inch distance for 1 second. Some of the 
specimens were injected with dilute India 
ink for contrast and microscopic studies. 
Horizontal or signet ring sections were then 
made. 

‘These specimens were dehydrated in ab- 
solute alcohol and then placed in methyl 
salicylate for clearing. The specimens were 


examined under the high power (36X) of 


the compound dissecting microscope for the 


presence of the intercostal vessels and _ the 
branching of the vasa vasorum. [his 
method was also used on sections taken in 
the lumbar region where the lumbar artcries 
were examined for the origin of the vasa 


vasorum. Hematoxylin and eosin stains of 


sections cut at 10 microns were examined 
for the smallest possible vessels supplying 
these larger vessels. 

To evaluate this study of inert tissue, live 
dogs were also injected while under nen- 
butal anesthesia. In some of these experi- 
ments the animals were first perfused with 
5 per cent procaine intravenously to aid in 
the suppression of vascular spasm in the be- 
lief that this might enhance the injection o! 
the smallest vessels. No other vessels, |:ow- 
ever, were observed nor was the injecion 


of greater magnitude. 
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Pig. 7. 





Fic. 8. 


Fic. 7. A hematoxylin and eosin study at low power showing the intercostal artery as well as 


the lumina of the vasa vasorum at the same level. 


Fic. 8. A hematoxylin and eosin study of the vasa vasorum in the media of the aorta. 


DISCUSSION 

“So little but so mighty” might aptly de- 
scribe the vasa vasorum. ‘These small vessels 
arise from a major branch of the host vessel 
to return to the parent vessels for nourish- 
ment of this vessel. In the case of the aorta, 
the vasa vasorum arose from an intercostal 
artery in the chest or a lumbar branch in 
the abdomen. Our investigation was limited 
to the aorta. The importance of the vasa 
vasorum assumes greater proportions as 
their destruction in the transfer of a homol- 
ogous vessel graft would explain the forma- 
tion of secondary saccular aneurysms in this 
transplant and also show why homologous 
grafts are poor replacement material of a 
host aneurysm. The obstruction of these 
small vessels, as in arteriosclerosis by a calci- 
fic plaque or as in endarteritis leading to 
medial necrosis, would readily explain the 


blowout and aneurysm formation in these 
anatomic entities. 


SUMMARY 


In an attempt to explain the failure of 
homologous vessel grafts we investigated the 
vasa vasorum. ‘Textbook references mention 
these vessels but do not state their origin. In 
human beings, it has been stated that the 
vasa vasorum do not enter the media of the 
vessel which they supply. We found that the 
vasa vasorum are present in the media. 
However, the microscopic canals that sup- 
posedly run from the lumen of the aorta to 
the subintimal area could not be demon- 
strated. From our work we believe that a 
resection of a segment of the aorta should 
not involve its immediate intercostal artery 
in the chest or the lumbar artery in the ab- 
domen. The vasa vasorum of the aorta arise 
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from the intercostal arteries as well as from 
the lumbar arteries and not directly from 
the lumen of the aorta. These vessels are 
of extreme importance in the surgery of 
major vessels, and their absence is the 
prime cause of homologous vessel trans- 
plant failures. 
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HUMAN CARTILAGE GRAFTS STORED IN MERTHIOLATE 


ROBERT F. HAGERTY, M.D., THOMAS B. CALHOON, Ph.D., 
WILLIAM H. LEE, JR., M.D., and JOHN T. CUTTINO, M.D., Charleston, South Carolina 


For MANY YEARS, in the field of reconstruc- 
tive surgery, a supporting material has been 
sought for the correction of contour defects. 
Certain criteria have been postulated as 
being necessary and desirable. The general 
plan of study was to determine whether 
viability is essential to the success of a 
cartilage homograft. To this end, various 
storage media were selected to maintain the 
viability of cartilage or to kill it. Some of the 
general characteristics of fresh living human 
costal cartilage were reported previously 
(1). The scope of the present article is limited 
to the study of cartilage stored in merthiolate- 
saline solution and later transplanted into 
human volunteers. 


METHODS 


The method of preparation of the cartilage 
has already been described (1). The pre- 
pared cartilage was placed in sterile bot- 
tles containing 1:4,000 merthiolate-saline, 
capped, and refrigerated at 3 to 5 degrees 
C. Merthiolate-saline was selected to kill the 
cartilage in such a manner as to least disturb 
the tissue. Merthiolate-saline solution in even 
lesser concentrations is toxic to tissues. Rapid 
penetration of the merthiolate solution into 
the cartilage within 19 hours was demon- 
strated by the presence of mercury in the 
center of the tissue. One inch blocks of 
cartilage which had been stored in merthio- 
late-saline solution for varying periods of 
time were transplanted subcutaneously into 
the abdominal wall of human volunteers. 
The implants remained in the host for a pre- 
determined time and were then removed for 
examination. Fibrous tissue invasion in 
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transplanted cartilage was measured in the 
following manner: a histologic section of 
cartilage was placed in a photographic en- 
larger and the image projected at a magni- 
fication of 13.25. The periphery of the 
image and the centrally placed islets of in- 
vading fibrous tissue were traced and their 
area determined by a planimeter. Only the 
central islands of invasion were measured 
since the peripheral areas could not be dis- 
tinguished from irregularities in contour 
produced by the preparation of the tissue. 
Areas of invasion were expressed as the per 
cent of cross sectional area of the cartilage 


block. 


RESULTS OF CARTILAGE 
LATE 


STORED IN MERTHIO- 


Supravital stains. Sixty-nine specimens from 
25 cadavers were examined microscopically, 
revealing rapid death of the cells with no 
viability at the end of 2 days of storage. 
Fifty-one specimens taken from the same 
cartilage blocks were stored under identical 
conditions, except that the merthiolate- 
saline solution was omitted as a storage 
medium. These control specimens were ex- 
amined simultaneously with the merthiolate- 
stored specimens and exhibited 95 to 98 per 
cent viability at the end of the same 2 day 
storage period. Buffer ranges from pu 6.6 to 
6.8, 6.8 to 7.0, and 7.0 to 7.2 were utilized 
in staining to exclude the possibility of pu 
change reducing the dye to its colorless 
leucobase. 

Metabolic studies. One hundred and fifty-six 
determinations were made on cartilage from 
26 cadavers. The anaerobic glycolysis (Q%?) 
decreased to zero within 2 days, and there- 
after tended to remain at this level (Fig. 1). 

EMstologic studies. ‘Twelve pieces of cartilage, 
stored for periods varying from 7 to 216 days, 
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TABLE I.—SALT AND WATER SHIFTS IN HUMAN COSTAL CARTILAGE AFTER STORAGE IN MERTHIOLATE 





SOLUTION 

Condition of No. of Days Days Na Kk Per cent I Na* IKt 
cartilage determinations stored transplanted mEq./kgm. mEq./kgm. 20 mEq./L. mEq./L, 
Rea ee meee vie Bi ove oth as oe ae 64 172.46 20.3 CE ateeke. Sina, 
RSMAS orc os ecuictecats Nhat bie sw ctw be 56 28 er 239.57 5.0 61.1 153.00 0.0 
Stored and transplanted........... 8 19 531 216.75 7.53 OD —Aieielete- Sarees 
~ *I Na=Sodium concentration of the storage medium. 

+l K= Potassium concentration of the storage medium. 

TABLE II.—CALCULATED VALUES OF SALT AND WATER SHIFTS WITHIN COSTAL CARTILAGE 
Condition of Days Days Int.* Ext.t A Na AK A Int.t A Ext.t 
cartilage stored transplanted c.c./kgm. c.c./kgm. mEq./kgm. mEq./kgm. c.c./kgm. — c.c./kam, 
DP rena nei te gtr Ai Sa ok aed atta 3 145.00 WE a oe ee ee ee 
PaRRNTEE Cit Ne Pie eel aos aon eee ea oH 28 37.50 575.30 +67.11 —15.30 —109.3 +1123 
Stored and transplanted............. 19 531 53.60 541.40 —22.82 +2.53 +7.9 —34.1 
~ *Int.= intracellular water volume. 

fExt.=extracellular water volume. 
tA=change of quantity measured. 
TABLE III.—TRANSPLANTED CARTILAGE (MERTHIOLATE-STORED)* 
Ne Per Per Per Per Central 
—Age in Years__ Days Q cent cent cent cent Total fibrous 
Donor Recipient Stored Transplanted G normal pyknotic —karyolytic ‘‘dropped-out” areat tissue t 
39 29 26 134 +0.057 9 11 67 13 151.22 3016 
6 48 28 163 +0.048 SL 75 31.5 29.5 182.21 2.010 
6 24 18 172 +0.184 0 0 82.5 175 44.35 0912 
6 42 7 174 +0.142 0 1 90 9 54.44 .1390 
39 23 34 447 +0.004 0 8 84 8 157.61 1866 
24 20 18 453 +0.057 0 3 76 21 114.38 .1000 
6 16 18 471 +0.077 0 0 95 5 73.98 .1270 
43 40 14 791 +0.064 0 2S 85 12 176.84 4200 
6 40 12 939 +0.011 0 9 78 13 95.81 0 
6 3 26 1039 +0.047 0 2 55 43 58.29 0 
36 9 6 1059 +0.062 6 6 81.5 6.5 89.12 6.855 
Average values 
20 29 19 531 +0.069 4.2 4.6 75.1 16.1 108.93 9300 


*=None of the cartilage was viable by supravital stains. 
t=cm.2 
Per cent total central fibrous tissue .85. 


were examined histologically. All sections 
showed some evidence of necrosis and, in a 
few instances, bacterial growth. The archi- 
tecture of the tissue in general was well pre- 
served. 

Electrolyte and water exchange. Fifty-six 
analyses each of sodium, potassium, and 
water content were made on stored cartilage 
from 18 cadavers. As compared with control 
values obtained in analyses of fresh cartilage, 
in cartilage stored in merthiolate-saline solu- 
tion for an average of 28 days the sodium 
content increased by 39 per cent, the potas- 
sium content was reduced by 75 per cent, 
while there was a negligible gain of water 
content (Table I). Values derived by 
methods described previously (1) revealed 
the intracellular water volume to be de- 


creased by 75 per cent and the extracellular 


water volume to be increased by 25 per cent 
(Table II). 


RESULTS OF TRANSPLANTED CARTILAGE PRE- 
VIOUSLY STORED IN MERTHIOLATE 


Supravital stains. Fourteen pieces of mer- 
thiolate-stored cartilage, which had _ been 
transplanted into 11 patients for periods of 
time varying from 134 to 1,059 days, were 
examined for viability by supravital staining. 
As an average, 4 sections of each specimen 
were taken, at spaced intervals, through the 
tissue block. None of the cells appeared 
viable (Table III). 

Metabolic studies. ‘Thirty-seven determina- 
tions were made on merthiolate-stored carti- 
lage which had been transplanted into 11 pa- 
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tients for 134 to 1,059 days. The mean 
anaerobic glycolysis was +0.069 (Table 
[II). This value is approximately 30 per cent 
above that for fresh cartilage. 

Histologic studies. Histologic examinations 
were made on 23 pieces of merthiolate- 
stored cartilage which had been transplanted 
into 11 human volunteers for periods of 134 
to 1,059 days. There was an average of 4.2 
per cent normal cells, 4.6 per cent pyknotic, 
75.1 per cent karyolytic, and 16.1 per cent 
“dropped-out” (Table III). Fibrous tissue 
invasion, Comprising central areas only, 
averaged 0.85 per cent. Infiltration by 
lymphocytes and macrophages was minimal. 

Electrolyte and water exchange. Eight analyses 
each of sodium, potassium, and water con- 
tent were made on merthiolate-stored carti- 
lage which had been transplanted into 4 
human volunteers for 791 to 1,059 days 
(Table I). As compared with nontrans- 
planted cartilage stored in merthiolate, the 
sodium content of transplanted cartilage de- 
creased 10 per cent, while the potassium and 
water exchanges were slight (Table II). 


DISCUSSION 


Cartilage stored in merthiolate became 


nonviable within a few days. Since each of 


the methods of study may measure a differ- 
ent facet of viability, their correlation on the 
exact time of death is not to be expected. In 
addition, the wide range of end-points 
within each of these methods further de- 
creases the exactness of this determination. 
For example, the method of preparing the 
tissue for histologic examination produces 
instantaneous cellular death. Yet, these 
killed cells are interpreted as appearing 
normal, if there is no evidence of degenera- 


tive changes. Further, it is possible that all of 


the cells in the merthiolate-stored group 
which appear histologically normal may be 
nonviable, since the cytoarchitecture may be 
preserved by the storage medium. Despite 
these variations, there is little doubt that all 
of the cells of the cartilage are killed within 
a short time after storage in this medium. 
The electrolyte and water studies generally 
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DAYS OF STORAGE 


Fic. 1. The effect of merthiolate-saline (1:4000) on the 
anaerobic glycolysis of adult human costal cartilage. 
The bar for fresh cartilage represents two standard de- 
viations. 


support the findings of rapid death of carti- 
lage cells exposed to merthiolate-saline solu- 
tion (Table I). The loss of potassium may be 
explained by a decrease in the number of 
viable chondrocytes during storage (Table 
I), since practically all of the potassium 
exists intracellularly. Calculations of the 
intracellular water volume based upon intra- 
cellular potassium content, results in a re- 
duction from a normal of 145 cubic centi- 
meters per kilogram to 37.5 cubic centi- 
meters per kilogram of wet cartilage (Table 
II). The extracellular water volume, total 
water less intracellular water volume, was 
increased by two events: first, as a conse- 
quence of the decrease of the intracellular 
water volume, and second, by a slight in- 
crease in total water (Table II). The gain of 
sodium by cartilage during storage in 
merthiolate-saline (Table I) is due to at 
least 3 distinct mechanisms. First, the 
chondrocytes disintegrate during storage, 
their intracellular water volume becoming 
a part of the extracellular water volume. The 
intracellular water volume does not contain 
sodium, while extracellular water contains 
about 144 milliequivalents of diffusible 
sodium per liter—the extracellular diffusible 
sodium being in equilibrium with tissue 
fluid. ‘Thus, a conversion of approximately 
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109 cubic centimeters of intracellular water 
volume per kilogram of cartilage into the 
extracellular water phase would account for 
a gain of about 16 milliequivalents of 
sodium per kilogram of cartilage tissue. The 
second mechanism of sodium gain is due to 
the slight shift of storage medium water into 
the cartilage (Table I), and this accounts for 
about 0.5 milliequivalents of sodium per 
kilogram of cartilage. The third mechanism 
appears to be an actual sodium binding by 
the cartilage matrix. The first two mecha- 
nisms account for only 16.5 milliequivalents 
of sodium per kilogram gained, while the 
cartilage actually gained a total of 67.0 milli- 
equivalents of sodium per kilogram of tissue. 
This leaves 50.6 milliequivalents of sodium 
per kilogram of cartilage presumably bound 
by the cartilage matrix. 

These results of sodium, potassium, and 
water exchange substantiate the early death 
of the cartilage cells stored in merthiolate- 
saline solution as determined by supravital 
dye studies, histologic examinations, and 
metabolic studies. This is of special interest 
since merthiolate-saline is one of the most 
popular storage media for cartilage in clini- 
cal use. 

All of the transplanted cartilage was 
stored in merthiolate-saline solution (for an 
average of 19 days; a minimum of 6 days) 
prior to transplantation. Our data indicate 
this cartilage to be nonviable as a result of 
storage alone. Therefore, it was to be ex- 
pected that the transplanted cartilage would 
show no evidence of viability. In general, the 
results of all our studies supported this view. 

The mean anaerobic glycolysis of cartilage 
which had been transplanted for long periods 
of time after previous storage for approxi- 
mately 19 days in merthiolate-saline is higher 
than that for fresh cartilage (Table III). 
Since prior storage has been demonstrated 
to kill cartilage, the elevated anaerobic 
glycolysis after transplantation cannot be 
explained in terms of chondrocyte viability. 
However, it can be the result of invasion by 
host tissue. Since the invading host tissue 
should have a relatively high anaerobic 


glycolysis, being an active tissue, the presence 
of even small amounts of such tissue would 
endow the dead transplanted cartilage wit) 
a detectable anaerobic glycolysis, in some 
cases even higher than that of fresh cartilage, 

The amount of central fibrous tissue in. 
vasion represents 0.76 per cent of the total 
cross sectional area of transplanted cartilage, 
This figure is derived by subtracting the 
amount of centrally placed connective tissue 
and blood vessels found in fresh cartilage 
(0.093 per cent of total cross sectional area 
from the total amount of fibrous tissue and 
blood vessels found in merthiolate-stored 
transplanted cartilage (0.85 per cent). 

The gain of potassium during transplanta- 
tion (Table IT, col. 6) is probably due to the 
difference of the potassium concentration be- 
tween the interstitial fluid of the host and 
that of the storage medium. When stored 
cartilage is transplanted, the potassium of the 
host will reach an equilibrium with the total 
water of the transplanted cartilage (Table 
I), accounting for a gain of 2.5 milliequiva- 
lents of potassium per kilogram of cartilage 
tissue. This agrees well with the observed 
gain of potassium (Table II). 

Of the sodium lost by the transplanted 
cartilage, only 2.3 milliequivalents can be 
explained by the decrease in total water 0 
the cartilage. The remainder of the sodium 
which was lost (20.5 mEq./kgm.) came pre- 
sumably from the bound fraction. Whether 
this indicates a loss of binding material from 
the cartilage matrix or just a replacement 0! 
the bound sodium by another cation, possi- 
bly calcium, is not known. 

The combined effects of storage and trans 
plantation on the electrolyte pattern 0! 
human cartilage may be summarized as {ol- 
lows: There occurred an over-all net gain 0 
44.3 milliequivalents of sodium per kilogram 
and an over-all net loss of 12.8 milliequiva- 
lents of potassium per kilogram of cartilage 
tissue. The loss of potassium was due to the 
death of the chondrocytes in the merthio- 
late-saline storage medium, with a const 
quent loss of intracellular water volume. 


. While the cartilage gained large amounts 0! 
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sodium when placed in the storage medium, 
after transplantation this gain tended to be 
lost, although the level remained above that 
of fresh cartilage. 


sUMMARY 
Cartilage was killed rapidly by storage in 
merthiolate-saline solution. This was estab- 
lished by supravital stains, metabolic studies, 
histologic examinations, and_ electrolyte 
water assays. During the period of storage, 
there was a pronounced loss of potassium and 


gain of sodium. After transplantation, the 
nonviability of the cartilage was substanti- 
ated by all methods of examination, save 
anaerobic glycolysis determinations. Since 
all of this cartilage was dead at the time of 
transplantation, the elevated anaerobic gly- 
colysis indicated the presence of cells of a 
higher rate, probably invasive host tissue. 
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EDITORIALS 





CANCER IMMUNITY 


GEORGE E. MOORE, M.D., F.A.C.S., and JAMES T. GRACE, M.D., Buffalo, New York 


RECENT technical summaries of cancer im- 
munity, emphasizing either basic research 
or clinical studies, are available to surgeons 
willing to accept the challenge of a new 
vocabulary and the alphabetic intricacies of 
inbred mice. Actually, there have been few 
alterations in the immunologic principles 
first enunciated at the turn*of the century, 
but later studies have defined more ac- 
curately the limitations of these principles 
as they pertain to the cancer problem. 
There is little doubt that host resistance 
factors are intimately associated with the 
development and progress of human malig- 
nant disease. Unfortunately, most of the evi- 
dence is indirect, and the mechanisms in- 
volved are poorly understood. The existence 
of such factors is suggested by these observa- 
tions: (1) spontaneous regression of estab- 
lished tumors; (2) prolonged survival of pa- 
tients after incomplete removal of their can- 
cer; (3) the sudden appearance of widespread 
metastases many years after apparently suc- 
cessful treatment of the primary lesion; (4) 
regression of metastases after treatment of the 
primary tumor; (5) evidence that thousands 
and millions of tumor cells are exfoliated 
into the blood stream and lymphatics with- 
out the development of a comparable num- 
ber of metastases; (6) histologic evidence of 
histiocytic and lymphocytic (and plasmo- 
cytic) responses in the vicinity of some tu- 
mors and in the regional lymph nodes; (7) 
the appearance of antitumor antibodies in 
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the serum of a few patients; (8) the develop. 
ment of hypersensitivity by certain patients 
to some components of their tumors; () 
demonstrable changes in immunologic re- 
sponsiveness paralleling exacerbations and 
remissions of certain malignant diseases: 
(10) evidence suggesting enhancement of tu- 
mor growth by cortisone and certain toxi 
carcinostatic drugs; (11) the low incidence 
of successful autotransplants of tumor tissue 
in cancer patients. 

Much of the early enthusiasm for immuno- 
logic control of cancer stemmed from labora- 
tory experiments employing transplantable 
tumors in animals. Unfortunately, many 0 
these studies used tumors genetically foreign 
to the animals, and it became apparent that 
much of the “‘cancer immunity” was merel\ 
an expression of genetic differences between 
the transplantable tumors and their hosts. 
In effect, tumors were being used to stud) 
homograft responses in the animals. 

Subsequently, a number of workers mace 
careful studies of the immunologic relation 
ships of transplantable tumors to the inbred 
hosts of origin. Existence of specific tumor: 
antigens in a number of these tumors wa 


established, and cytotoxic antibodies wer J 


prepared which provided effective passive 
immunity to subsequent challenge with tw- 
mor cells. Nevertheless, despite the develop- 
ment of highly inbred strains of mice ané 
the lack of demonstrable mutations in t! 
tumors, it is difficult to be sure that subue. 
undetectable genetic differences may n0! 
account for some of the favorable results. 
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Further evidence that resistance of the 
host may influence the growth of transplant- 
able tumors is found in studies which corre- 
late depression of host immunologic responses 
with enhancement of tumor growth. Abroga- 
tion of host defenses and stimulation of 
tumor growth have been accomplished for a 
variety of tumors by such methods as: (1) 
irradiation of the host; (2) pretreatment of 
the host with cortisone; (3) stress, infection, 
surgery, toxic compounds, and exhaustion; 
(4) suppression of immunologic responses by 
injecting the future host with treated whole 
cells or certain cell fractions while still in 
the embryonic stage (immunologic tol- 
erance); (5) blockade of the reticuloendo- 
thelial system with colloidal particles. 

Both experimental and clinical investiga- 
tions have shown that immunologic differ- 
ences may exist between a spontaneous tu- 
mor and its host. This is not surprising, 
since one might expect some such changes to 
occur during the complex process of malig- 
nant transformation. The cancer cell is obvi- 
ously different from its neighboring normal 
cells and probably must survive and multiply 
in an initially unfavorable environment. The 
important point is whether or not these 
antigenic differences can be magnified and 
used for diagnostic and therapeutic purposes. 

The thesis that mutations occur frequently 
during the entire life of living organisms, 
and that only a very small number of the 
resulting abnormal cells survive as malig- 
nant cells, was first proposed almost 60 years 
ago by Boveri. Briefly, abnormal cells may 
be formed by injury to the genetic appara- 
tus, including duplication of one or more 
chromosomes, deletion of chromosomes or 
genetic material, dissociation of normally re- 
lated genetic units, and perhaps deletion of 
nongenetic substances, or injury to them, 
thus preventing expression of the normal 
genetic pattern. 

Abnormal cells in the human being may 
be produced by a wide variety of chemical 
and physical agents (x-rays, actinic rays, 
and chemical carcinogens), abnormal nutri- 
tional states, and possibly also by infective 
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particles such as viruses. Cell mutations 
caused by viruses may differ from those re- 
sulting from other agents because these mu- 
tations are apparently caused by addition or 
substitution of foreign genetic material in 
the recipient cell (transduction), rather than 
by duplication or deletion of genetic frag- 
ments of the target cell. The types of cell 
injury which predispose the cell to the ac- 
ceptance of foreign genetic substance are 
largely unknown. They are, however, being 
thoroughly studied by means of phage- 
bacterial systems. This concept is important 
to a discussion of cancer immunity since the 
separation, identification, and mechanisms 
of action of genetic material or even of 
nucleic acid fragments may soon be possible. 

There are doubtless many other causes of 
malignant cell transformation which are not 
as yet recognized. Fortunately, the great 
majority of these abnormal cells probably 
fail to survive because of such inherent fac- 
tors as an imperfect nutritional apparatus, 
faulty mitotic apparatus, or the absence of 
critical enzyme systems. The few abnormal 
cells which do survive may become precur- 
sors of fatal cancer. ‘These cells are probably 
subjected to further attack by local and sys- 
temic host defenses, including true immuno- 
logic defenses, and only the final surviving 
cells, through adaptation to a hostile envi- 
ronment, are capable of unrestrained malig- 
nant growth. 

Perhaps one is justified in suggesting that 
mature human cancers range from those tu- 
mors which survive only because they are 
nearly identical with adjacent normal cells, 
to those which differ genetically but have a 
growth potential so great that autonomy is 
established even despite immunologic dif- 
ferences. Probably only the latter sort of tu- 
mors could be expected to be destroyed with 
vaccines. This thesis is supported by some 
experimental data which indicate a range 
in initial antigenicity of tumors. Foley, and 
later Prehn and Main, showed that tumors 
induced with carcinogens seem to have more 
mutational changes than ‘‘spontaneous”’ tu- 
mors have and exhibit wider immunologic 
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variations with respect to the host. A few 
spontaneous animal and human tumors have 
been shown to be weakly antigenic to the 
host. It is not yet known whether these anti- 
gens are specific to the healthy tumor cells, 
or arise from altered proteins of damaged 
cells, or from stromal elements. 

Limited studies indicate that certain pa- 
tients may develop hypersensitivity either to 
their tumors or to products of their tumors. 
Unfortunately, such responses cannot be cor- 
related with increased host resistance in these 
patients. Generally, there is little doubt that 
immunologic responses to human tumors do 
occur. These probably will be found more 
commonly in the future as new immuno- 
chemical methods are developed. Of great 
interest are the nonmalignant autoimmune 
mechanisms in man, such as chronic thy- 
roiditis and certain hemolytic anemias. 

The chances of developing an effective 
tumor antiserum for complete eradication of 
established solid tumors appear remote at 
present, but the possibility of enhancing the 
cellular responses of the host to his tumor 
seems promising. Graham and Graham are 
now evaluating this approach by using tu- 
mor autovaccines. One hopes that the tissue 
culture of large amounts of tumor cells may 
aid in similar future projects by supplying 
a source of altered autogenous cells which 
might provoke stronger cytotoxic reactions. 

Attempts also have been made to transfer 
homologous cells capable of producing tu- 
mor antibodies to the tumor-bearing host. 
These homografted reticuloendothelial cells 
may indeed function against the tumor cells, 
but they also function against the normal 
host cells. Also, unless the recipient’s own 
immunologic responses are markedly depres- 
sed, the transplanted cells are soon rejected. 

Development of an effective preventive 
immunization against cancer involves a myr- 
iad of complex problems. Such a vaccine 
should be polyvalent both as to origin and 
kind of malignancy. It must be effective 
despite the enormous diversity of human 
genetic backgrounds. While it seems plausi- 
ble that the cancer cell would probably be 


most vulnerable to the effects of such a vac. 
cine at the moment of its inception, the 
changes from normalcy to malignancy may 
be so subtle that they would be accepted by 
the surrounding host cells without provoking 
the defensive mechanisms. Furthermore, es- 
tablished tumors are not made up of a single 
kind of cell. The cells of most tumors have 
wide variations in such gross characteristics 
as chromosome number, growth rate, and 
susceptibility to therapeutic agents. Thus 
the search for a broad-spectrum vaccine 
which could be directed against even a single 
tumor would be an arduous one indeed. 

On the other hand, the isolation of infec- 
tive tumor-inducing viruses from ‘‘spontane- 
ous” malignant lesions in mice, as well as 
from those induced by carcinogens and 
x-rays, may alter present concepts. The 
polyoma virus, for example, can induce not 
just one type of tumor, but some 6 to 8 dif- 
ferent types, all in the same mouse. In addi- 
tion, it is capable of crossing species barriers 
and producing tumors in hamsters and rats. 

Protection against tumor induction with 
this virus has already been accomplished by 
immunization against the agent. Likewise, 
protection against a number of other viruses 
that induce tumors in animals has _ been 
effected by appropriate immunization pro- 
cedures. Reports have now appeared con- 
cerning the isolation of similar agents from 
human tumors which either induce or accel- 
erate the development of tumors in experi- 
mental animals. The significance of these 
observations to any projected search for a 
biochemical difference between normal and 
malignant cells is obvious, and the immuno- 
logic implications are manifold. 

The role of host defense mechanisms, other 
than orthodox immune responses, cannot be 
adequately discussed here. Nevertheless, the 
meanings of the subtle physicochemical inter- 
actions which control production of genetic 
materials and utilization of “‘synthetic”’ nor- 
mal genetic fragments for the repair of ab- 
normal cells are representative of the excit- 
ing, new challenges in this particular area 


_of research. 
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PHYSICIANS’ RESPONSIBILITY IN BLOOD ‘TRANSFUSION 


PAUL I. HOXWORTH, M.D., F.A.C.S., Cincinnati, Ohio 


THE INCREASED USE of blood transfusion in 
recent years has had the strange effect that 
most clinicians know less rather than more 
about the subject, simply because its grow- 
ing complexity has thrust it into the prov- 
ince of specialized knowledge. ‘The physi- 
cian who orders blood for a patient cannot 
be expected to be well versed in all aspects 
of this knowledge—for example, the im- 
munohematologic—but, since he orders the 
transfusion and carries the responsibility for 
the results, it is essential that he keep apace 
with the problems rather than shy away 
from them. Pathologists and blood bank di- 
rectors are seldom clinicians closely asso- 
ciated with the patient. 

Blood transfusion is a risk which can be 
calculated only with knowledge of the dan- 
gers. For the best results, the clinician must 
be aware of the laboratory problems and 
have a clear concept of the harmful effects 
as well as the objectives. Important among 
dangers are reactions due to incompatibility 
(ABO, Rh, and others). Since these are 
caused by laboratory error and confusion of 
samples and units of blood, the doctor should 
be certain that the laboratory is well super- 
vised and that minimal standards are ob- 
served within his institution. Survey is avail- 
able through the American Association of 
Blood Banks. When there is urgent need 
for transfusion it is essential to know when 
to disregard Rh and other secondary blood 
group considerations. One should be able 
to ask and interpret the significance of such 
questions as whether the patient can ever 
have a child, whether there has been prior 
sensitization, and whether interval trans- 
fusion is expected. More education is needed 
on these and related subjects at the prac- 
titioners’ level in local medical society and 
hospital staff meetings. 

There is a variety of other risks to be con- 


sidered. Every transfusion is a potential 
source of transmission of disease. About 1 
in every 300 units of blood transmits viral 
hepatitis, despite the most careful donor se- 
lection. T'wo to 4 per cent of all units of 
stored blood contain bacteria. Most do not 
grow at storage temperatures and are non- 
pathogenic but some, such as the coli-aero- 
genes group, do grow and the effects are al- 
most always lethal. Overload reactions may 
be due to overzealous transfusion and, as 
hypotension develops, the error is sometimes 
compounded. Under anesthesia these are 
difficult to recognize. They occur most often, 
however, with rapid transfusion of even 
small amounts, 1 or 2 units, in patients with 
myocardial weakness or severe chronic ane- 
mia with normovolemia, such as is present 
in chronic leukemia and in many gyneco- 
logic and cancer patients being prepared 
for surgery. Plasma transfusion reactions 
and those due to leuco-agglutinins (‘‘buffy- 
coat’ reactions) and to allergies are also 
harmful. 

In some instances, the dangers of whole 
blood transfusion may be mitigated and the 
objectives achieved by substitutions of se- 
lected portions of blood. Examples are the 
use of packed red cells for anemia with 
normovolemia to avoid circulatory over- 
load, of washed red cells if *‘buffy-coat”’ re- 
actions develop, and of pooled plasma stored 
at 32 degrees C. for 6 months for support of 
the circulation in emergencies to avoid op- 
portunities for incompatibility, iso-immuni- 
zation, and viral hepatitis. 

A large share of all types of serious reac- 
tions would be eliminated and blood would 
be saved for those who need it simply by 
stopping the prevalent practice of trans- 
fusion in needless circumstances. ‘This is en- 
couraged by ease of procurement from the 
blood bank and is usually that of a single 
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pint for poorly defined indications. An anal- 
ysis made in Cincinnati showed that pa- 
tients received an average of 2.4 units and 
that of the 18,000 units issued yearly by the 
University of Cincinnati Blood Transfusion 
Service about 5,000 are given to patients 
who receive only a single unit during the 
course of their illness. 

It is our firm conviction that far too many 
patients are being given single pint trans- 
fusions. ‘These are justified in hemorrhage 
when the rate and duration cannot be an- 
ticipated, as, for example, in certain in- 
juries, gastrointestinal bleeding, and oper- 
ations such as radical mastectomy. Unfor- 
tunately, most are given for such things as 





February 1960 


minimal to moderate blood loss during sur. 
gery of lesser magnitude, transient hypo- 
tension due to syncope and various anes. 
thetic agents, false blood pressure reading; 
due to a loose tourniquet cuff, and post. 
operative hemoglobin determinations of 8, 
9, or 10 grams. These situations are best met 
with simpler measures, such as Trendelen- 
burg posture, peripheral vasoconstrictors, 
and the use of ferrous sulfate. Each year 
millions of blood donors lose a pint of blood 
in from 6 to 10 minutes. Is this an indica- 
tion for transfusion? Many have reactions 
accompanied by pallor, sweating, cold ex- 
tremities, and transient hypotension with- 
out requiring transfusion. 
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WHAT’S NEW IN SURGERY 





INTRODUCTION 


HARRIS B SHUMACKER, JR., M.D., F.A.C.S., Indianapolis, Indiana 


WITH THE PASSAGE OF TIME, the annual Forum on 
Fundamental Surgical Problems has grown both 
in volume and in the quality of the contributions 
reported. Some years ago the Forum Committee 
thought it might be worth while to institute on 
the final day of the Clinical Congress a ‘‘What’s 
New” program. A number of individuals were 
asked to attempt to digest the vast amount of 
material presented during the preceding days 
and to give a concise summary of what they 
considered to be new and important in the par- 
ticular fields assigned to them. 

From the first, it was suggested that the speak- 
ers include, if they so desired, new knowledge 
presented at other sessions during the Clinical 
Congress or, indeed, material recently reported 
at other surgical meetings. Of necessity, such 
brief reports could not include reference to all 
that was considered new and valuable, and much 


that might have been a part of longer presenta- 
tions had to be excluded. In spite of the enormity 
of the task and the complete lack of time for 
deliberate preparation, it soon became evident 
that these summaries were excellent beyond even 
the original expectations and that they fulfilled a 
real need. 

The ‘“‘What’s New” presentations were gen- 
erally so well received that the advisability of 
their publication as a “‘bird’s eye view” of cur- 
rent progress soon became evident. It is a happy 
circumstance that arrangements have been made 
for their publication as a new, separate feature 
of SURGERY, GyNECOLOGY & OpsTeETRICs. I have 
no doubt that the prompt appearance of these 
manuscripts, submitted within an editorial dead- 
line and published 4 months after the Clinical 
Congress, will prove both informative and stimu- 
lating. 





PLASTIC SURGERY 


BRADFORD CANNON, M.D., F.A.C.S., Bosto1 


THE PLASTIC SURGEON, heir to one of the oldest 
of the surgical specialties, continues to be con- 
cerned with the wound. There is a constant need 
to reiterate the importance of the arduous, day 
by day care of raw surfaces and the desirability 
of early closure by suturing, grafting, or the use 
of local flaps. No magic short cut or topical 
agent can replace the faithful removal of soiled 
dressings, the careful application of fresh dress- 
ings to avoid unfilled pockets of unabsorbed 
exudate in which bacteria will thrive, the re- 
moval of unwanted debris, the encouraging of 
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local tissue resistance by aiding the wound to 
remain as dry as possible, and the protection of 
the wound from contamination. 

Seldom is the granulating wound completely 
sterilized, but a quantitative decrease in the 
number of the bacteria inhabiting the raw sur- 
face is a valid index of its improved state. The 
px of the granulating surface is another objective 
measure of the condition of the wound. The per- 
centage take of skin grafts has been correlated 
with the pu of the wound at the time of grafting. 
The healthiest granulation tissue usually has a 
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pu 7.4 or above. This direct clinical test may be 
a helpful method of evaluating the wound, but 
perhaps the best method of all is inspection of 
the surface itself. It should be smooth, firm, 
bright red in color, with minimal exudate, and 
occasionally showing a marginal spread of epi- 
thelium. 

Since a granulating surface cannot be steril- 
ized, it occurred to Eade, Bass, Lewis, and 
Blocker that a study of the fate of bacteria be- 
neath the skin graft would be informative. 
Measured, small quantities of Gey’s solution 
were injected beneath skin grafts, allowed to 
remain beneath the graft in a limited area con- 
trolled by a ring held firmly against the surface, 
and then reaspirated. This solution was then 
studied for its bacterial content and, in later 
studies, for its content of white cells. These au- 
thors reported an abrupt fall in the number of 
bacteria recovered from beneath the graft within 
a matter of hours after it had been applied. The 
leucocyte counts, on the other hand, showed a 
biphasic fluctuation with sharp increases at 2 
and at 8 hours after grafting. 

Sokolic, Farpour, and Ulin have demonstrated 
the same beneficial decrease in the number of 
wound bacteria using heterografts of stored fetal 
calf skin. These grafts were not vascularized, 
produced neither antibody nor second-set reac- 
tions, and were rejected after 5 to 13 days with 
a typical foreign body reaction. In 4 patients, 
heterografts were used to cover the skin defects 
caused by the primary excision of a burn. The 
heterografts were removed at 5 to 6 days and 
replaced by autografts which ‘‘took”’ completely. 
It appears that a stored heterograft is useful as 
a biologic dressing and that it does not alter the 
later acceptability of an autograft. 

Pappas and Hyatt have continued the im- 
portant search for an ideal biologic dressing 
suitable for covering extensive raw surfaces in 
the animal and man. In their most recent study 
regenerated collagen film, preferably heat- 
sterilized, was applied directly to the dissected 
surface. These experiments, carried out on mice, 
demonstrated the superiority of collagen film 
over that of skin homograft. The former re- 
mained in place for an average of 14 days; the 
latter averaged only 8 to 9 days. 

Bell, Haynes, Hume, and Egdahl reported 
upon the value of fetal skin used as homografts 
in the dog and in man. In the dog, they found 
an inverse relationship between the age of the 


fetal graft and the duration of survival. No 
permanent survival occurred. The expected pro- 
longed survival was observed in the burned 
patient using a control adult homograft, but an 
even longer survival was noted with a fetal 
homograft of skin. 

Wound contraction has been studied by 
Grillo, Watts, and Gross. After creating a stand- 
ard wound in the guinea pig and allowing nor- 
mal contraction to proceed for periods up to 30 
days, various parts of the wound were excised. 
Distraction of the contracting wound occurred 
only when the bordering skin and wound mar- 
gins were excised. This did not occur, however, 
when the central granulations were removed. 
They concluded that there is a marginal or 
“picture frame” localization of the contraction 
mechanism. 

For many years, there has been a clinical im- 
pression that cooling lessens the chance of necrosis 
in transplanted skin flaps if impairment of circu- 
lation exists. Ice bags have been applied empir- 
ically to endangered skin flaps, and skin grafts 
have been left exposed to the air, but now a 
carefully controlled study on the effects of local- 
ized hypothermia on pedicle flap tissue has been 
reported by Kiehn and Des Prez. These investi- 
gators designed and constructed a cooling device 
by which a constant temperature can be main- 
tained in a column of air over a skin surface. A 
flap prepared on the rabbit’s back with border- 
line blood supply was used in this study. It was 
noted, consistently, that necrosis began to de- 
velop at about 2% days. When the air column 
over the end of the flap was cooled to a temper- 
ature of between 0 and 5 degrees C., however, 
the development of necrosis was delayed until 
3% days. At an intermediate temperature of 20 
degrees C., necrosis did not occur and there was 
complete survival of all flaps. This optimal cool- 
ing at 20 degrees C. apparently protects the flap 
from spontaneous necrosis and encourages the 
establishment of normal arterial and venous 
flow through the pedicle. 

These are but a few of the studies on the 
wound reported in recent years. Of an even 
more fundamental nature have been those in 
which chemical and histochemical methods have 
been used in following the sequences in the 
healing wound. Included among these are the 
studies by Dunphy and Udupa. These investi- 
gators implanted ivalon sponge and studied the 
tissue substances absorbed in the sponge during 
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the several phases of healing. It was possible to 
alter the production of mucopolysaccharides 
which are precursors of collagen, by a variety of 
deficiencies, physical agents, and additional 
trauma. In another study, Peacock and Petty 
attempted to bypass the hydroxylation of pro- 
line, which is retarded in protein-depleted rats 
by adding hydroxyproline to their diets. A large 
intake of hydroxyproline slowed collagen forma- 
tion and significantly reduced the strength of 
the wound. In still another study, several pre- 
cursors of collagen were added locally to the 
healing wound. The local insertion of acetic 
acid reconstituted collagen in the wound has- 
tened recovery of the tensile strength. Mature 
collagen, on the other hand, acted as a foreign 
body and delayed recovery of tensile strength. 

Finally, Gimble, Veazey and Kapetansky 
reported that when experimental burn blisters 
in man, 1 centimeter in diameter, were emptied 
of their serum and filled with royal jelly daily, 
epithelialization was accelerated 25 per cent. 
Royal jelly is the substance fed by the worker 
bees to the queen and probably contains an 
extraordinary variety of endocrine and nutritious 
substances. Further work is in progress to deter- 
mine which of these constituents is responsible. 

Tissue homotransplantation continues to be a 
stimulating topic for discussion by the plastic 
surgeon, the endocrinologist, and others. The 
development of synthetic fabrics has divorced 
the vascular surgeon from this group. However, 
differentiation must be made between the homo- 
static transplant—blood vessels, bone, cartilage 
—which serves merely as a strut to be slowly 
replaced by host tissue, and the homovital trans- 
plant—skin, kidneys, endocrines—which survive 
as functioning tissues. It is the latter which offers 
the greatest experimental challenge. 

The observation reported by Medawar that a 
second graft from the same donor rabbit to the 
same recipient rabbit was rejected more rapidly 
than the first has sparked a great surge of interest 
in homotransplantation. The rejection phenom- 
enon requires contact of host leucocytes with the 
homotransplanted tissues. This can be prevented 
by enclosing the tissue in the cell-impenetrable 
millipore chamber devised by Algire, whose 
name this now bears. 

Hill, Border, Sicular, Brooks, and Moore were 
puzzled by the failure of permanent survival of 
endocrine tissues in the chamber. Their studies 
on the diffusion characteristics of various milli- 
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pore filters have shown that the permeability 
coefficient of oxygen across the membrane is in- 
fluenced by the thickness, since the pores cannot 
be enlarged without allowing leucocytes to pass. 
A thinner millipore filter is now available which 
allows greater diffusion. A corollary of this study 
was an evaluation of the oxygen needs of differ- 
ent tissues which bear directly on its transplant- 
ability in the chamber—liver and adrenal are 
least successful and have the highest oxygen 
need; thyroid and parathyroid are the most 
successful and have the least oxygen need. The 
suggestion has been made by Edgerton that in 
the absence of leucocytes the plumbing system 
within the chamber was inadequate and that as 
the weeks passed, cell debris accumulated which 
could not be disposed of. 

Although the Algire chamber is a valuable 
experimental tool, there are shortcomings in its 
clinical usefulness. Further evidence of this fact 
has been reported by Swan, Hallin, Callaghan, 
Welch, and Friedman and Wilson, Zollinger, 
Mahan, and Brooks regarding the adaptability of 
dogs to the aparathyroid state. After removal 
of the chamber from these dogs after a period of 
3 months or more there was no change in the 
animals’ dependence or independence upon vi- 
tamin D, no change in general condition or cal- 
cium level, and no positive evidence of cell sur- 
vival within the chamber. The hoped-for per- 
manent function of endocrine tissue in these 
chambers, in the present state of knowledge, 
seems unlikely. Wilson cited 21 patients in whom 
endocrine tissues were transplanted, including 
thyroid, parathyroid, and ovarian tissues, with 
evidence, in a few, of temporary function only. 

One of the unsolved mysteries of the homo- 
graft problem is whether there is an antibody 
response and whether the antibody can be iden- 
tified. Terasaki, Cannon, and Longmire re- 
ported the following study. Serum from homo- 
grafted chicks, injected with pooled spleen cells 
in one group and skin homografted in the other, 
showed a high incidence of strong agglutinating 
action on lymphocytes of normal chicks, whereas 
serum from normal chicks showed none. The 
process of clumping has been demonstrated by a 
time-lapse cinematography. More and more 
lymphocytes became firmly united despite vig- 
orous cellular movement, a phenomenon quite 
different from the passive agglutinization of red 
cells. As the clumps enlarged, the cells in the 
center died and began to disintegrate. 








One of the methods used to reduce the host- 
immune reaction was irradiation of the recipient. 
Brooke, Govaerts, and Murray studied the im- 
munologic response to several antigens given 
intravenously and intradermally after sublethal 
doses of irradiation in the rabbit. The host re- 
sponse to any one antigen could not be corre- 
lated to the reaction to any of the others. How- 
ever, the optimal time for antigen administra- 
tion after radiation proved to be 24 hours. Skin 
grafts survived an average of 30 days, and the 
hemolysins from a prepared sheep antigen were 


242 Surgery, Gynecology ¢ Obstetrics - February 1960 


decreased. Although the tuberculin reaction is 
considered analogous to the second set reaction 
observed in skin, no correlation was found in 
this study. 

These are but a few of the recent reports of 
experimental and clinical progress which the 
plastic surgeon has found stimulating. Having 
advanced the extirpative era of surgery essen- 
tially to its limit, we are now in the midst of 
the reparative era. Advances, such as those de- 
scribed herein, may carry us over the threshold 
to the eagerly awaited replacement era. 





GASTROINTESTINAL BILIARY CONDITIONS 


CLARENCE DENNIS, M.D., F.A.C.S., Brooklyn, New York 


WITH FULL exploitation of the novelty of open 
heart and other cardiac surgery, interest has 
returned in healthful strength to other areas, and 
the field of gastrointestinal surgery is one of these. 
The wealth of material which should be included 
is overwhelming, and careful selection has 
necessarily been made. 

Extension of studies on the transplantation of 
organs within the abdomen has raised some 
perplexing problems. Moore, Smith, Gruber, 
Demissianos, Burnap, and Dammin reported a 
series of liver replacements from donor dogs, 
aided in the procedure both by cooling and by 
shunts. Thereafter, liver function appeared to re- 
turn, with production of bile and plasma al- 
bumin, and normal activity as to fibrinogen, 
urea, and carbohydrate metabolism. Lillehei, 
Goott, and Miller transplanted virtually all the 
small intestine from dog to dog, with good heal- 
ing of anastomoses and return of function. In 
both sets of experiments, death followed rapid 
deterioration from apparent normalcy at a 
maximum of 6 to 8 days. The cellular structure 
of the liver and of the gut was essentially normal, 
without the vascular thrombosis of rejection of 
smaller tissue transplants. In both studies, the 
mechanism of death is still a mystery and chal- 
lenge for further study. 

Since the report of Brodie in 1903 of bio- 
chemical studies on perfused, excised rat livers, 
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little had been attempted until the report of 
Otto, Pender, Cleary, Sensenig, and Welch 
which appeared last year, in which a dog was 
used for perfusion studies with the hope that an 
extracorporeal liver might be used for support 
in hepatic failure. At the 1958 Clinical Congress, 
Martinis, Goldsworthy, Jones, Nyhus, DeVito, 
Volwiler, and Harkins reported perfusions on 
the calf liver, and this year Demissianos, Sicular, 
Balankura, Kinney, and Moore and Kestens, 
Gerald, and McDermott, each in scholastic 
isolation long unaware of the activities of the 
other, performed more sophisticated perfusions 
of excised dog livers. All agree that oxygen use 
is less than normal, that bile is secreted, that 
bromsulphalein is cleared, and that other func- 
tions as well continue for hours. 

That our knowledge of hepatic function can 
be expanded by such techniques is testified by 
Sokal. He found that isolated rat livers, perfused 
unfortunately without the precaution of asepsis, 
appear to maintain a normal blood sugar level 
in the absence of participation of neural or 
endocrine factors. 

Laboratory studies of hepatic function require 
a method to determine hepatic blood flow 
which can be used repeatedly during a given 
experiment and which is independent of changes 
in hepatic cellular or reticuloendothelial func- 
tion. Ballinger and Bartone reported a method 
in which all returning systemic blood is shunted 
around the inferior vena cava, which is ligated 
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at a level just above the renals, permitting a 
sampling of mixed hepatic venous blood by a 
catheter passed into the inferior vena cava from 
above. Dye dilution curves permitted them to 
establish flow rates in a range of 50 to 60 milli- 
liters per kilogram per minute, with a rather 
abrupt drop if the arterial mean blood pressure 
is reduced below 80 millimeters of mercury. 

Several years ago Madden, Lore, Gerold, and 
Ravid called attention to the decreased hepatic 
venous cross section area of the liver in advanced 
cirrhosis. At the 1959 Clinical Congress, Carter, 
Barron, and Welch reported quantitation of the 
changes in the vascular compartments in Cir- 
rhosis by means of injection-digestion studies. 
Weights of injection media in relation to weights 
of whole livers showed a 50 per cent reduction in 
hepatic vein volume, a 14 per cent reduction in 
portal volume, and a slight increase in hepatic 
artery volume. It was suggested that this is an 
understandable aftermath of the inflammatory 
process of cirrhosis, the unsupported hepatic 
vein radicles, with low pressure, being most 
easily compressed by the advancing fibrosis of 
liver cell destruction, while the portal vein 
radicles normally have a higher pressure and are 
also supported and protected by the stroma of the 
portal triad. The thesis that the portal hyper- 
tension and ascites of cirrhosis are due to this 
reduction in the hepatic venous outflow tract 
was supported. 

Disappointed with the ineffectiveness of 
glutamate and of arginine in ammonia intoxica- 
tion, Orloff and Peskin reported animal studies 
on the administration of formaldehyde, which 
was found to combine even in blood with am- 
monia to form nontoxic methenamine. The slow 
intravenous infusion of formaldehyde proved 
more effective than arginine or glutamate in re- 
ducing the ammoniemia of Eck fistula dogs after 
ammonium citrate gavage. Further studies will 
precede clinical use. 

McDermott presented an ammonia tolerance 
test for determination of adequacy of liver 
function and existence of shunts to the systemic 
circulation. It proved useful when hepatic com- 
pensation remained, but in severe liver damage 
failed to settle the existence of shunts. It would 
appear that this failure might result from such 
extrahepatic clearance as reported earlier by 
Bessman and Bradley and by Lawrence, 
Schwartz, Roberts, and Randall. 

The mechanism of portal venous pressure re- 
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duction by pituitrin has perplexed many. Eise- 
man, Silen, and Tyler have done much to clarify 
the situation by end-to-side portacaval shunts in 
dogs, followed by measurement of changes in 
pressure and oxygen content of the portal system 
with pituitrin injection. The drop in pressure 
and the drop in oxygen content suggest that the 
effect of pituitrin is at least in part due to closure 
of submucosal gastroenteric arteriovenous shunts. 

Although Kling and Allen reported the de- 
velopment of markedly dilated portal-systemic 
venous channels after gradual occlusion of the 
hepatic veins of the dog, it remained for Timaya 
and Thal to produce truly massive esophageal 
varices. This was accomplished by a two stage 
combination of splenic arteriovenous fistula and 
ligation of splenic venous return to the portal 
system. An interesting outgrowth of this study is 
the suggestion that arteriovenous shunting in the 
liver or portal system may be a factor in develop- 
ment of the clinical disease. 

Several investigations concerning the pancreas 
were presented. From a physiologic point of 
view, Dumont and Mulholland demonstrated the 
addition of amylase, desoxyribonuclease, and 
lipase to the thoracic duct lymph in greater 
quantity than demonstrable in the plasma, after 
stimulation with secretin. This was especially true 
in the presence of pancreatic duct obstruction. 
They postulate utilization of this pathway in 
alteration of fat before entry into the blood 
stream. 

From a pathogenic point of view, Hermann 
and Davis presented evidence of the production 
of the various types of pancreatitis seen Clinically 
by the institution of partial obstruction of the 
canine pancreatic duct, an approach which has 
heretofore been unsuccessful. 

Several approaches to the diagnosis of pan- 
creatitis were also presented. These vary from 
excellent arteriographic studies by Frazer, 
Anlyan, and Baylin, which appeared to suffer by 
need of orientation by preliminary arteriogram 
in the dog, through evaluation of the Watson 
feces Ehrlich test by Rath, in which cancerous 
biliary obstruction was observed to become es- 
sentially complete within 10 days of onset of 


jaundice, to the use of antibody and enzyme 


blood tests. 

Thal, Egner, and Murray have discovered 
specific pancreatic antibodies in experimental 
and clinical pancreatitis. Such antibodies also 
are found after injection of pancreatic tissue in 
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Freund’s adjuvant into dogs and rabbits. All of 
4 clinical patients suffering from proved pan- 
creatitis showed such antibodies, but only 1 
demonstrated true pancreatic autoantibodies. 
The implications of this finding are tremendous 
in the understanding of this disease. In the mean- 
time, the precipitin test for pancreatic antibodies 
appears likely to become a useful diagnostic test 
for pancreatic disease. 

Assay of serum enzymes has been helpful in the 
diagnosis of pancreatic disease, but the vagaries 
of serum amylase and trypsin determinations, in 
particular, are often clinically disconcerting. 
Pineda, Goldbarg, and Rutenburg undertook to 
evaluate the utilization of determination of 
beta-glucuronidase and of leucine aminopepti- 
dase (LAP) in this connection in anicteric pa- 
tients. Acute pancreatitis was associated with 
high levels of both enzymes, as was acute 
hepatitis. Cancer of the pancreas was associated 
in 94 per cent of cases with high LAP. These tests 
appear to be more reliable than bromsulphalein 
retention in liver disease and to offer some real 
help in the diagnosis of cancer of the body or tail 
of the pancreas. 

Therapeutically, a possible avenue is suggested 
by the report of Bauer, Elliott, and Stewart that 
restitution of pancreatic function in the dog can 
be achieved after full-length opening of the gland 
into the duct, whether in the absence of prior 
disease or after induction of ductal obstruction. 
Some of many details in the technique are 
closure of the capsule only, over a slender tube 
placed in the duct, without effort to close gland 
substance or duct wall. The fate of obstructed 
ductal branches not laid open in this procedure 
is not yet clear. 

Three papers of interest concerning the extra- 
hepatic biliary tract were presented. Following 
the report of Imamoglu, Perry, Root, Crisp, 
Jenson, and Wangensteen in 1958 that gallstones 
can be made to develop in experimental animals 
by progressive obstruction of the cystic and 
terminal common bile ducts, a second method 
for the consistent production of bilirubin and 
cholesterol concretions was described by Imamo- 
glu, S. L. Wangensteen, Root, Salmon, and 
Griffen. They have observed the development of 
such concretions in all female and most male 
rabbits treated daily with progesterone and 
diethylstilbestrol over a period of 40 weeks. On 
the thesis that stasis is a factor, they studied 
women by cholangiography late in pregnancy 





and early in the postpartum period and found 
filling and emptying to be greatly delayed as 
compared with a series of nulliparous women. It 
is suggested that the known frequency of gall- 
stones in relation to pregnancy is secondary to 
this stasis. 

Thomas and Linker reported work which 
promises to help the surgeon to recognize com- 
mon bile duct stones. I'*! rose bengal dye, upon 
intravenous injection, is excreted rapidly by the 
liver, is not absorbed from the gut, and is 
adsorbed upon common duct stones, especially 
pigment stones, in many times the concentration 
found in bile. With suitable probes now available 
to the surgeon in his common duct exploration, 
it appears likely that this technique will be of 
early practical help. 

Madden and McCann reconfirmed their 
former report of uniformly successful end-to-end 
anastomoses of the common bile duct in a series 
of 8 patients, with follow-up periods of 6 months 
to 8 years (average 3% years). The technique is 
supported by experiments in dogs and consists in 
meticulous fine silk suture without placement of 
catheters, T tubes, or splints, but with soft rubber 
drains to the area to remove minimal expected 
biliary leakage. Others have failed with tech- 
niques thought to be identical to this, and it is 
hoped that further study will uncover the fine 
points of difference which led to the success of 
Madden and McCann. 

A series of excellent studies on gastric secretion 
were of interest. Redo, Barnes, and Ortiz reported 
the findings of a dialyzable component of gastric 
juice which is inhibitory to peptic digestion of 
the esophagus. One suspects this may be the 
same substance which Smith, DuVal, Joel, and 
Wolf described previously. They were able to 
prepare a solution which, on repeated parenteral 
injection into dogs, produced achlorhydria of 
long duration, coupled later with atrophic 
gastritis. 

In 1956, Margolus and Harrison suggested 
that a hormone inhibitory to gastric acid secre- 
tion is released upon bathing one of a pair of 
isolated antral pouches with 0.1 normal hydro- 
chloric acid. These experiments were repeated 
and presented by Shapira, Morgenstern, and 
State, but they found identical results on sham 
tests without acid bathing. Johnson, Cobo, 
Oberhelman, and Dragstedt also presented 
evidence casting doubt on the existence of an 
inhibitory hormone. 
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Nagano, Johnson, Cobo, Oberhelman, and 
Dragstedt confirmed the earlier finding by Sircus 
that distention of the duodenum produces a 
hormonal effect on gastric secretion similar to 
that of gastrin from the antrum. They found this 
effect to be modified by acid, phenergan, and 
secretin in a fashion similar to the antral effect. 

Much interest is attached to the role of the 
pancreas in the control of gastric secretion. Work 
by Goelzer on the effect of pancreatectomy and 
by Greenlee, Nelson, and Dragstedt on total 
external pancreatic fistula suggests that exclusion 
of pancreatic secretions from the duodenum, 
with or without the removal of the pancreas, 
results in a several-fold increase in gastric 
secretory output. 

Hinshaw, Branson, and Stafford postulated 
the high frequency of duodenal ulceration fol- 
lowing gastroduodenostomy as due to failure of 
bathing of the duodenal mucosa by the alkaline 
secretions of the liver and pancreas, and they 
gathered evidence from canine experiments 
suggesting the wisdom of gastric anastomosis 
close to the ampulla of Vater. 

Griffen, Salmon, Paterson, Costafieda, and 
Fattah set up experiments to show the impor- 
tance of motion of gastric juice as a low pressure 


jet through the pylorus in producing ulceration. 


In control experiments in which identical gas- 
tric juices were gently irrigated through the duo- 
denum, strikingly less ulceration occurred than 
in those in which it was introduced as an inter- 
mittent jet at a pressure of 30 centimeters of 
water. It is suggested that this may be a factor in 
the development of some clinical peptic ulcers. 

Those in search of clarification of the many 
factors relating to the problem of postoperative 
peptic ulceration in the light of antral function 
were interested in the scientific exhibit of Chap- 
man, Nyhus, and Harkins. After a careful re- 
view of all available data, they concluded that, 
if the antrum is to remain after an ulcer opera- 
tion, it must be vagally denervated, it must re- 
main in the acid stream, and antral stasis must 
be prevented. 

That preservation of the pyloric sphincter 
may help to lessen the severity of dumping after 
Billroth I gastrectomies was suggested by the 
work of Flynn and Longmire and Rieger and 
Friesen. The former removed the mucosa from 
the pylorus and distal antrum and anastomosed 
in such fashion as to cover the raw area with 
mucosa from the upper gastric pouch. Rieger 
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and Friesen performed sleeve resections. Both 
groups found long-term survivors to show fewer 
objective signs of dumping after glucose feedings 
than control dogs in which pyloric function had 
been abolished. 

Lawrence and Mathews restudied the water 
shifts in the dumping syndrome, tagging sepa- 
rately red cells and albumin. Their data indicate 
a shift of water from red cells as well as from the 
plasma, and furthermore they indicate that the 
water shifts are not large enough to explain the 
cardiovascular sequelae of the dumping syn- 
drome. These conclusions are in striking agree- 
ment with Morris, Greenfield, Jordan, Peddie, 
Gordon, and DeBakey who found a rise instead 
of the anticipated fall in renal blood flow during 
dumping, a change which is not explicable 
upon the basis of decreased circulating blood 
volume. 

It is possible that a part of the explanation of 
these findings may be found in the work of 
O’ Hara, Fox, and Cole. They found serotonin in 
the gut and blood stream after irrigation of the 
upper small intestine with hypotonic, isotonic, 
and particularly hypertonic sugar solutions. 
Five-hydroxyindoleacetic acid was found in the 
urine of some volunteers who had had sugar 
solutions placed in the jejunum by tube. Dis- 
cussion revealed that DeBakey and his colleagues 
had sought this substance in the urine of 
patients with dumping syndrome and had failed 
to find it. It appears that some such mechanism 
must be at work. This field is open for further 
investigation. 

A convincing study on the use of serum lactic 
acid dehydrogenase in the diagnosis of necrosis 
of gut was presented by Braun, Harris, and Sher- 
man. Rothenberg, Chassin, Sher, and Lear 
established that in dogs a combination of anti- 
biotics and resection of the underlying intestinal 
leak makes possible reasonably safe primary 
anastomosis in the face of peritonitis. Cohn and 
Beauclair convincingly showed that kanamycin 
is the safest of the broad spectrum antibiotics to 
use therapeutically in the abdomen. 

Many other excellent reports of investigations 
on a variety of subjects were presented. One of 
these was provocative as a strikingly new avenue 
of approach. Stafford, Schnaufer, and Cone 
constructed true, or circular, closed intestinal 
loops in dogs, using the lower one-half of the 
small intestine and the upper one-half of the 
colon, anastomosing the ends together, and by a 
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second anastomosis restoring continuity to the 
rest of the gut. Without antibiotics these dogs 
died in a few days, but with 1 gram of neomycin 
in the loop some have lived as long as 5 months. 
They do not become icteric, bile at least in some 
does not accumulate in the loop, and there is no 


abnormal appearance of bilirubin waste prod- 
ucts in the excreta. Bile pigment is, therefore, 
apparently disposed of by some still unknown 
mechanism. The preparation offers an exciting 
opportunity to resolve many problems in pig- 
ment metabolism. 





TUMORS 


WILLIAM J. GROVE, M.D., F.A.C.S., Chicago, Illinois 


BEFORE ONE of the sessions on tumors at the 
1958 Clinical Congress, Sir Stanford Cade pre- 
dicted that research in cancer would be in- 
creasingly directed toward “‘the soil instead of 
the seed.”” He suggested that areas of fruitful 
investigation would deal with the host, that is, 
the environment in which the cancer is born 
and grows. 

At least 6 of the 24 papers presented at the 
1959 sessions on tumor dealt directly with al- 
terations of the host in order to influence experi- 
mental tumor growth. One such experiment by 
Fisher and Fisher of Pittsburgh studied the effect 
of nutritional factors upon the growth of arti- 
ficially induced hepatic metastases. Using the 
Walker 256 carcinosarcoma tumor injected into 
the portal vein of rats, they studied the incidence 
of artificial metastases in groups of animals on 
diets with varying amounts of protein. All diets 
were isocaloric. On a nonprotein diet there were 
18 per cent metastases, on an 18 per cent protein 
diet, 35 per cent metastases, and on a 30 per cent 
protein diet, 60 per cent metastases. While these 
results are of themselves most interesting, they 
also point up a very important factor to all in- 
terested in tumor research in animals, namely, 
that it is of crucial importance that the diet of 
experimental animals be scrupulously controlled. 
It is not enough to know that the control and 
experimental groups are maintaining the same 
weight. One must know that the food consump- 
tion is identical and of the same composition. 

Griffith has altered the host by cold stress and 
hypothermia. He found that both in rats sub- 
jected to severe cold in the conscious state and in 
animals subjected to hypothermia tumor takes 


From the Department of Surgery of the University of Illinois 
College of Medicine, Chicago. 


were much higher in the stressed animals. Tu- 
mor take was 96 per cent and 92 per cent in the 
experimental groups as compared to 72 per cent 
and 58 per cent, respectively, in the control 
groups. It would seem possible that these results 
may have been due to alterations in adrenal 
functions. The experiment repeated in adrena- 
lectomized animals would be interesting. 

The immunologic response of the host to 
trauma has been the subject of an increasing 
number of studies. It would appear that im- 
munology offers one of the best hopes for the 
control of cancer. 

Schrek, Jackson, Henegar, and Preston, using 
Bagg’s rat tumor reported that they found no 
adverse effect on host resistance to be produced 
by nitrogen mustard and that furthermore 
nitrogen mustard in combination with Bagg’s 
tumor seemed to provide a more potent antigen 
than tumor alone. Preston, Jackson, and Hene- 
gar, using the same Bagg’s tumor, found evi- 
dence to indicate that living lymphocytes and 
living testicle cells, prepared from tumor-im- 
mune animals, are cytotoxic to the Bagg’s tumor. 

One of the most exciting reports presented at 
the Forum sessions on tumor was that of Grace, 
DiPaolo, Mirand, and Haas. They have pro- 
duced tumors in animals in which the spon- 
taneous incidence of cancer is essentially nil by 
injecting them with the sterile cell-free filtrate of 
human tumors freshly removed at operation or 
autopsy. The filtrate was injected into newborn 
mice and hamsters. It is essential that newborn 
animals be used because it is most important that 
the injections be made before the ability of the 
animal to respond immunologically has de- 
veloped. Only .1 milliliter of the sterile cell-free 
filtrate was injected into mice and .2 milliliter 
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into hamsters. The animals have been observed 
from 3144 months to 9 months after injection. 
Tumors, frequently at multiple sites, have de- 
veloped in many of the mice after the injection 
of filtrates from many types of human tumors. 
To date no tumors have developed in hamsters. 
The induced tumors do not resemble, either 
grossly or microscopically, the human tumor 
from which the filtrates were made. The filtrate 
from patients with acute leukemia most often 
produced tumors in animals but many varieties 
of human tumors induced animal tumors. The 
most commonly induced tumor was adeno- 
carcinoma of the breast. Control animals in- 
oculated with filtrates of normal organs from 
patients without cancer have not produced 
tumors after 9 months of observation. An in- 
teresting phenomenon was noted in 1 female 
animal in which a tumor developed during preg- 
nancy. It regressed after parturition only to re- 
appear at a subsequent pregnancy. 

Grace reported that his group recently suc- 
ceeded in producing tumors in mice with cell- 
free filtrates of normal organs from mice with 
breast tumors induced by cell-free filtrates of 
human tumors. Grace concluded “that sub- 
cellular particles from a variety of human neo- 
plasms can induce tumors in young Swiss ICR 
mice.” These findings confirm and extend the 
work of Gross, Stewart, Kaplan, and Schwartz. 

Gross and Kaplan have produced lympho- 
matous tumors in mice by x-radiation. Sterile 
cell-free filtrates of these tumors, when injected 
into newborn mice of the same strain, induce 
tumors. These experiments demonstrate that 
from tumors induced by a physical agent a sub- 
stance may be obtained which will induce tu- 
mors in other animals of the same species. They 
suggest the relationship between physical car- 
cinogenic agents and a “‘virus.”’ 

Graham and Graham have recently reported 
on the use of a vaccine made from the patient’s 
own tumor. They have utilized the principle of 
an adjuvant to potentiate the antigenicity of 
the tumor vaccine. Freund’s adjuvant was used. 
They reported having used this autovaccine on 
114 patients. Most of the patients had either 
cervical or ovarian carcinoma. The Grahams 
make no extravagant claims for the vaccine. 
However, a small number of patients, 14 per 
cent, are apparently free of disease. Further- 
more, it appeared to them that the vaccine 
might have potentiated the effect of radio- 
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therapy given after the vaccine. While no one 
could regard these results as startling, they fur- 
ther support the immunologic aspects of cancer 
and should be continued. 

Hoye and Smith have succeeded in setting up 
an experimental system to study alterations in 
transplantable tumors produced by small 
amounts of x-radiation. Using a variety of 
mouse tumors, they demonstrated that amounts 
of x-radiation insufficient to kill the primary 
tumor did alter the tumor so that the number 
of metastases which the tumor produced when 
transplanted intravenously into fresh mice was 
markedly reduced. The method may prove to 
be a very useful tool for further study. 

While these reports are examples of the cur- 
rent attack on the frontiers of the cancer prob- 
lem, many others were presented which dealt 
with finding techniques and better methods of 
treating cancer with our present therapeutic 
mechanisms. 

Krementz and his group expanded studies 
previously reported by others on the effective- 
ness of various agents in cleansing open wounds 
of cancer cells. T.S.P.A. was used in this in- 
stance with some effect but was not entirely sat- 
isfactory. However, their data again demonstrat- 
ed that irrigation of a wound with ordinary 
physiologic saline is completely ineffective in 
destroying or removing cancer cells. Others 
have shown that irrigation with saline of a 
wound contaminated with cancer cells may ac- 
tually increase the likelihood of the implanta- 
tion and growth of the cells. 

In recent years much attention has been paid 
to the isolation of cancer cells in the circulating 
blood. Watne has extended the technique and 
has collected lymph from the thoracic duct in 
patients with cancer. He has been able to isolate 
cancer cells from the thoracic duct lymph in 
22 per cent of the patients studied. These in- 
cluded cancer of the stomach, lung, pancreas, 
gallbladder, and breast. It is curious that in 8 
patients with cancer of the colon or rectum he 
was unable to find cancer cells in the thoracic 
duct lymph. He has studied the fate of the cells 
in the lymph during the course of surgery and 
chemotherapy. 

Advancing techniques in other areas of sur- 
gery have provided the surgeon interested in the 
treatment of cancer with another tool, namely, 
isolated perfusion techniques for the adminis- 
tration of chemotherapeutic agents. 
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The technique has been reported at this meet- 
ing as having been applied to almost every area 
of the body. Ausman and Aust described a tech- 
nique for isolated perfusion of the liver. They 
had successfully used the technique on 3 pa- 
tients. 

In an exhibit, Creech, Krementz, and 
Reemtsma presented their techniques, dosages, 
and results. They have perfused 169 patients 
189 times. About 50 per cent of the patients with 
melanoma who have been perfused remained 
quiescent, while in only 20 per cent of patients 
with carcinoma has the disease remained 
quiescent. The technique of local perfusion has 
promise but must await the discovery of the 
ideal anticancer agent. 

Curreri in an exhibit has reported the results 
of the use of fluoropyrimidines on 185 patients. 
He estimated that 48 or 25.9 per cent of these 
patients were improved. The white blood count 
fell to below 5,000 in all but 27 of the patients. 
The drug seemed to be most effective against 
cancer of the breast. 

A panel discussion on cancer of the head and 
neck led by Klopp used brief case histories and 
short movie strips to illustrate common types of 
head and neck cancer. The panel was unable to 
agree completely about the timing of radical 
neck dissection in papillary carcinoma of the 
thyroid. 


The role of extended excisional surgery in 
early and late cancer was the subject of a panel 
led by Slaughter. In general, the panel agreed 
that there is often undue pessimism on the part 
of surgeons particularly with respect to head and 
neck cancer. The view was expressed that ex- 
tensive surgery was indicated in many of the 
massive lesions in this area. 

Bricker reported a 50 per cent 5 year survival 
rate for carcinoma of the rectum, which had 
invaded the genitourinary tract, treated by 
total pelvic evisceration. He recommended an 
“fall or none” policy with regard to pelvic 
evisceration. If such surgery is at all indicated, 
a total pelvic evisceration should be done. 

Some workers have expressed the opinion 
that the time of treatment in carcinoma is un- 
important. Apparently statistics can be mus- 
tered to support such a view. However, until 
more of the biologic activity of the tumor and 
the protective mechanisms of the host are 
known, and until it can be predicted in which 
particular patient a delay in therapy is harm- 
less, most surgeons would agree that all cancer 
should be treated with a sense of urgency. Even 
though some argued at the Clinical Congress 
that early detection of cancer does not apprecia- 
bly alter survival rates, early detection and 
prompt therapy remain our best weapons 
against cancer. 





UROLOGY 


HUGH J. JEWETT, M.D., F.A.C.S., Baltimore, Maryland 


LABORATORY and clinical investigations in 
urology have resulted in new and important 
developments during the past year. 

In some patients, after operation, respiratory 
acidosis occurs together with a decrease in renal 
function. To see whether a possible relationship 
exists between these two conditions, W. J. 
Brooker, J. S. Ansell, and E. B. Brown have 
studied the effect of respiratory acidosis, induced 
in dogs by inhalation of carbon dioxide, upon 
urinary output and renal blood flow, which 
they measured by means of an electromagnetic 
flow meter applied to the renal artery and vein. 
In all of the animals there resulted oliguria, 


cyanosis, and a marked decrease in renal blood 
flow. This decrease in renal blood flow seemed 
to be unrelated to a concomitant fall in systemic 
blood pressure and was found to be the result 
of an increase in renal resistance to blood flow 
during hypercapnia. This study showed that 
renal blood flow could be measured directly 
by this method, and that a relationship does 
exist between high blood carbon dioxide con- 
centration on the one hand and renal blood 
flow and oliguria on the other. 

The basic cause of lower nephron nephrosis, 
or acute tubular necrosis, following trauma, has 
been attributed by some investigators to poison- 
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ing by tissue toxins and hemoglobin pigments. 
William Hostnik, Samuel R. Powers, Jr., An- 
tonio Boba, and Arthur Stein in a controlled 
study measured the renal blood flow in dogs by 
means of a double lumen catheter in the vena 
cava below the renal veins, after occluding the 
cava above. After producing mallet trauma to 
the thigh they observed pronounced and sus- 
tained renal vasoconstriction. This vasoconstric- 
tion was prevented in one group of traumatized 
dogs by first giving intravenous mannitol, an 
osmotic diuretic, which increased the renal 
blood flow and maintained the urinary output. 

In a second group of traumatized dogs the 
oxygen tension in the renal vein remained con- 
stant whereas the oxygen tension in the urine fell 
markedly, and the renal vascular resistance rose. 
These observations showed that the distal 
tubules had been deprived of oxygen but the 
authors were unable to identify an actual 
shunting mechanism in the renal vascular bed. 

Histologic studies of the anoxic kidneys were 
not reported, but it would seem that this work 
has confirmed the previous report of Powers, 
Boba, and Stein on the presence of renal vaso- 
constriction following crush injury, and its ef- 
fect on the tubules. 

Edward J. Fedor, Sil H. Lee, and Bernard 
Fisher have used renograms in dogs after the 
intravenous injection of radioactive diodrast to 
determine the exact time of rejection of a renal 
homotransplant and to distinguish between 
technical failure and rejection as such. It seemed 
obvious that a surgical technique that failed 
with an autotransplant could not be expected 
to succeed with a homotransplant, regardless 
of immunologic factors. 

Renograms in 19 autotransplants and in 15 
homotransplants were made at comparable in- 
tervals after the recipient’s normal kidneys were 
removed. Blood urea nitrogen and creatinine 
levels were also determined, urine collections 
made, and specific gravities recorded. 

The renograms showed the three characteris- 
tic segments: the vascular, representing the ap- 
pearance of the radioactive compound in the 
blood vessels of the kidney; the secretory, reflect- 
ing tubular cell secretory function; and the ex- 
cretory, reflecting the excretory phase of renal 
function. 

For approximately 7 days both groups showed 
similar tracings; vascular and secretory phases 
remained adequate, but there was a deteriora- 
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tion in the excretory phase. Between 7 and 12 
days after operation the autograft tracings be- 
came normal, but in the homotransplants the 
rejection phenomenon then became evident, 
with continued deterioration in the excretory 
phase, and with beginning alterations in the 
other two phases. However, the hazards to the 
dog of daily anesthesia and narcotization con- 
vinced the authors that the evaluation of these 
renograms had little to offer over the standard 
tests of renal function in following a homo- 
transplant. 

The role of the lymphatics in experimental 
pyelonephritis has been studied by J. J. Murphy, 
Harry W. Schoenberg, William H. Rattner, 
and Ralph H. Scott. After unilateral ligation of 
the hilar lymphatics in 5 rabbits and 5 dogs, 
they injected coliform bacilli intravenously. 
Acute pyelonephritis appeared in the treated 
kidney in 3 of the rabbits and in 2 of the dogs, 
but the untreated kidney remained uninfected. 
These results suggested that the lymphatic ob- 
struction had rendered the kidney more suscep- 
tible to circulating organisms. 

In another group of dogs they injected one 
renal artery with virulent staphylococci and pro- 
duced pyelonephritis. They then injected a dye 
into the pelvis, first of the infected kidney and 
then of the normal kidney under pressure. The 
dye appeared in the cisternal lymph from only 
1 of the 8 infected kidneys, whereas it appeared 
promptly from the pelves of all the normal con- 
trol kidneys. This observation indicated an 
intrarenal lymphatic obstruction produced by 
the staphylococcal infection, which left the kid- 
ney more susceptible to circulating bacilli. 

These authors also studied the pathway of 
ascending renal infection in 15 dogs. They in- 
jected into the bladder a suspension of carbon 
particles and maintained a high intravesical pres- 
sure for several hours. Carbon particles then 
were found in the periureteral lymphatics at 
varying distances above the bladder, and even in 
the peritubular spaces and hilar nodes. Reflux 
through the lumen of the ureter did not occur. 
They conclude that bladder neck obstruction 
may result in the “pumping” of particulate mat- 
ter from the bladder to the kidney through the 
periureteral lymphatics, and that the catheter, 
which recently has been so maligned, is not the 
usual cause of pyelonephritis in man. 

The entrance of bacteria into the general circu- 
lation from the genitourinary tract is said to be 





250 Surgery, Gynecology ¢ Obstetrics - February 1960 


the cause of bacteremic shock in 50 to 75 per 
cent of such cases, and prior operative or diag- 
nostic instrumentation is the usual cause of the 
bacteremia. Mortality in bacteremic shock is re- 
ported to vary from 25 to 75 per cent, with an 
average of about 65 per cent, despite vigorous 
antibacterial therapy, possibly because the hypo- 
tension may escape notice for some hours and 
then may not respond to parenteral vasocon- 
strictor drugs. 

Abraham T. Cockett and Willard E. Goodwin 
treated 11 patients in bacteremic shock by re- 
ducing the body temperature to from 93 to 97 
degrees F. for 48 to 72 hours, in addition to giv- 
ing kanamycin, 1 gram per 24 hours, together 
with corticosteroids, whole blood, oxygen, and 
vasopressors sufficient to maintain the systolic 
blood pressure at a level of 90 to 110 millimeters 
of mercury. Improvement was striking in 48 
hours in 4, and complete recovery was achieved 
in 10 of the 11 patients. 

Since it is frequently necessary to open a kidney 
for the extraction of a large stone, and this kid- 
ney may be solitary, surgeons want to know how 
long the renal vessels can be occluded before 
renal damage occurs. 

Paul J. Stueber, Simon Koletsky, and Lester 
Persky studied the effects of intermittent clamp- 
ing of the vascular pedicle of an intact solitary 
kidney in 3 groups of anesthetized dogs. Occlu- 
sions of 30 minutes each were alternated with 
10 minutes of free flow. No permanent or sig- 
nificant renal changes occurred after the pedicle 
had been clamped for a total period of 90 min- 
utes, but four 30 minute periods of intermittent 
clamping caused marked elevation of blood urea 
nitrogen, and distorted histologic appearance was 
present up to 2 months later. These results differ 
slightly from those of Scheibe and his associates 
who found that the renal pedicle in the dog could 
be occluded for 2 hours with expectation of re- 
covery. The restoration of free flow, therefore, 
after each 30 minute period of occlusion does not 
seem to improve the viability of the dog’s kidney. 

Phillip P. Porch, Neil O. Chamberlain, and 
William H. Edwards have approached the prob- 
lem differently. After contralateral nephrectomy 
they occluded the renal vein in dogs for periods 
varying from 30 minutes to 3 hours. Histologic 
changes were reversible if the vein was occluded 
for less than 90 minutes. Similarly, simple ar- 
terial occlusion up to 2 hours resulted in no 
permanent damage in most cases. When contra- 


lateral nephrectomy was postponed for 3 weeks 
to allow the affected kidney to recover, arterial 
occlusion for 3 hours was fairly well tolerated, 
This conclusion confirms that of others, namely, 
that a given amount of damage is produced in a 
shorter time by venous occlusion than by arterial 
occlusion. 

The occurrence of urinary incontinence in 
many women, and in some men after operation 
or trauma, has led Jack Lapides, Edward R. 
Ajemian, Bruce H. Stewart, and John R. Licht- 
wardt to study bladder pressures and urinary 
sphincter resistances in a variety of situations. 
These investigators believe that their studies show 
that the sphincter is a tube composed of smooth 
muscle and elastic tissue and comprises the prox- 
imal 3 centimeters of the urethra in both sexes, 
Under resting conditions urinary control is main- 
tained by the tonicity of the wall of the tube, but 
on exertion this tubular resistance is increased 
by the contraction of the pelvic and perineal stri- 
ated muscles which compress the tube and also 
elongate it. They conclude that the primary de- 
fect in most cases of female stress incontinence is 
a shortening of the urethra which is more pro- 
nounced when the patient stands, and they have 
been able to provide a functioning sphincter by 
constructing a tube from the bladder wall. Gen- 
eral conclusions that might be drawn from these 
studies are: that adequate lengthening of the 
urethra by surgical suspension should cure most 
cases of simple stress incontinence in the female; 
that surgical removal of bladder neck obstruction 
in women should not be permitted to result in a 
urethra shorter than 3 centimeters; and that 
relief of prostatic obstruction in males should 
not cause damage to the apical prostatic urethra 
and membranous urethra. 

Another type of urinary incontinence exists 
with exstrophy of the bladder, a deformity very 
difficult to correct. Most urologists have recom- 
mended cystectomy in these cases combined with 
some form of urinary diversion, but interest con- 
tinues in the development ofa satisfactory method 
of plastic repair. John K. Lattimer, Archie Dean, 
Jr., and Louis J. Dougherty have repaired the 
defect in more than 20 young children 6 months 
old or older, but report postoperative reflux of 
urine into one or both ureters in all cases, as well 
as some degree of urinary incontinence, varying 
from slight stress in 2 cases to considerable leak- 
age in others. These investigators believe that 
their procedure gives these children at least a 
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partial respite from most of their difficulties and 
does not preclude subsequent urinary diversion 
if urinary control is not eventually acquired. 
They do not advise an attempt to obtain com- 
plete urinary control at the initial operation be- 
cause the resulting increase in intravesical pres- 
sure might cause progressive urinary reflux. Bi- 
lateral iliac osteotomy was sometimes used to 
facilitate the soft tissue approximation and was 
carried out when possible about 7 days before 
the plastic repair, and before the child was 2 years 
old. 

In an attempt to obviate urinary reflux, as- 
cending infection, and reabsorption of urinary 
constituents, M. Bogash, F. P. Kohler, R. H. 
Scott, and J. J. Murphy, have investigated the 
feasibility of using a plastic bladder as a sub- 
stitute for the urinary bladder of dogs. They have 
found that a specially constructed valve, when 
attached to the lower end of the ureter and im- 
planted into the normal bladder, provides good 
ureteral drainage and prevents infection and re- 
flux. However, when the ureters of dogs were 
implanted into the plastic bladders by means of 
these valves, hydronephrosis and renal failure 
uniformly developed. The reason for the failure 
of the valves when used with the plastic bladder 
is not apparent at the moment and is undergoing 
further study. Another problem that will require 
attention is the development of a warning device 
which will indicate a full prosthesis and the need 
to empty it. 

At present, there is widespread interest in the 
development of various types of bladder substi- 
tutes, made from segments of bowel, that may 
function satisfactorily after total cystectomy for 
carcinoma. 

Failures as well as successes have followed the 
construction of urinary pouches from portions of 
both large and small intestine, and Sidney R. 
Weinberg, Benjamin Peng, and Arthur Ullman 
set out to answer by experimental study the fol- 
lowing questions: (1) Which method of implant- 
ing the ureter into the pouch is the most satis- 
factory? (2) Does the fluid capacity of a doubled 
loop of bowel exceed that of a single loop? 
(3) Does an isolated segment of sigmoid make a 
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better bladder substitution than does a segment 
of ileum? 

They found: (1) the most satisfactory method 
of implanting the ureter consisted of laying it in a 
submucosal trough and anastomosing its end to 
an opening made in the submucosa and mucosa 
of the bowel; (2) vesical capacity was not in- 
creased by use of a doubled loop of ileum, as 
compared with a single loop; and (3) a sigmoid 
segment was more satisfactory than an ileal seg- 
ment as a substitute bladder, since the average 
reabsorption of electrolytes was less with the sig- 
moid bladder, and the postoperative urograms 
and survival rates were significantly better. Three 
patients have been given a sigmoid bladder, and 
one of these at the end of 1 year is alive and well. 

A considerable amount of work, however, re- 
mains to be done before one would seem justified 
in recommending this as a routine procedure 
after a time-consuming complete cystectomy for 
carcinoma. 

One of the commonest causes of failure with 
many operations for diversion of the urinary 
stream above the bladder has been the constant 
absorption of urinary products through the in- 
testinal mucosa, which causes chemical imbal- 
ance. Gilbert, Pace, and Izant successfully trans- 
planted autogenous bladder mucosal grafts to 
segments of bowel from which its mucosa had 
been stripped. The objective of that procedure 
was to provide a urinary receptacle that was a 
nonabsorptive pouch. 

These workers now have sought to determine 
whether such intestinal segments, lined with 
vesical instead of bowel mucosa and sewed to the 
dome of the canine bladder, would absorb radio- 
active iodine, the absorption of which has been 
found to be representative of that of other ions. 
These prepared bladders absorbed no more radio- 
active iodine than did the bladders of normal 
dogs, in contradistinction to the very marked 
absorption found in dogs after ileocystoplasty 
with intact ileal mucosa. This study indicates that 
an intestinal segment when lined by bladder 
mucosa and employed as a urinary reservoir 
will absorb no more ions than will a normal 
bladder. 





INCISION THROUGH MUSCULARIS 
MUSCULARIS MUCOSA 


MUSCULARIS 





Fic. 1. A, The duodenum has been divided at the inferior margin of the ulcer 
and incisions made superiorly and inferiorly down to the muscularis mucosa. 
B, Development of the posterior plane between muscularis mucosa and muscular 
coat. C, Closure of the mucosa with a fine continuous absorbable suture. D, Ap- 
proximation of the muscularis mucosa posteriorly to the anterior seromuscular 
coat using interrupted nonabsorbable sutures. E, Approximation of the anterior 
seromuscular coat to the posterior muscular layer fused to the pancreas with in- 
terrupted nonabsorbable sutures. F, Completed closure. 


Intramural Dissection and Staggered Closure of the Duodenal Stump.—Louis R. Slattery. 
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INTRAMURAL DISSECTION AND 
STAGGERED CLOSURE OF THE DUODENAL STUMP 


LOUIS R. SLATTERY, M.D., F.A.C.S., New York, New York 


C.osurE of the duodenal stump is still a difficult 
problem in subtotal gastrectomy performed for 
chronic duodenal ulcers which have penetrated 
through the duodenal wall into the head of the 
pancreas and the gastrohepatic ligament. Re- 
moval of the duodenum to the inferior margin of 
the ulcer is easily performed, the problem being 
to dissect an adequate cuff of duodenum distally 
for closure. It is during this step that injury may 
occur to the pancreas, accessory pancreatic duct, 
or common bile duct. These hazards have been 
avoided by suturing the anterior duodenal wall 
to the fibrosed lower margin of the ulcer bed. If 
a short fibrosed segment of duodenum has re- 
sulted from dissection and a poor inversion ob- 
tained, catheter duodenostomy has been prac- 
ticed. Neither of these methods is as satisfactory 
as the method which involves a secure closure in 
layers. 

The foreshortening of the duodenum caused by 
chronic penetrating ulcers is principally in the 
posterior half of the bowel circumference where 
the inflammatory process about the ulcer pro- 
duces a fusion of the muscular coat to the pan- 
creatic capsule. Release of the posterior half of 
the circumference through the plane between 
the muscularis mucosa and muscular coat leaves 
the muscular coat on the pancreas and permits 
dissection of adequate tissue for closure without 
endangering important structures. A staggered 
closure allows utilization of all layers without the 
difficulties and insecurity inherent in attempt- 
ing to invert a rigid fibrosed posterior duodenal 
wall. 


From the Department of Surgery, New York University Post- 
Graduate Medical School, New York. 
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Although this closure must have been done un- 
wittingly or accidentally many times, review of 
the literature revealed no previous description. 
Laprell has called attention to the same patho- 
logic findings, but the subserous dissection de- 
scribed and illustrated indicates detachment of 
the entire thickness of the bowel from the pan- 
creas. 


TECHNIQUE 


After section of the duodenum at the inferior 
margin of the ulcer, incisions 1 centimeter in 
length are made superiorly and inferiorly through 
the muscular coat down to the muscularis mu- 
cosa. Blunt dissection with the point of a hemo- 
stat in the plane between muscularis and mus- 
cularis mucosa around the posterior half of the 
duodenum mobilizes a tough cuff of normal tis- 
sue and leaves the muscular coat on the pan- 
creas. This release is almost avascular and neces- 
sitates division of only 2 or 3 tiny vessels running 
between the muscularis and muscularis mucosa 
which can be easily secured and ligated. After 
trimming away any traumatized tissue from the 
end of the duodenum incidental to the dissection, 
the mucosa is closed as a single layer with a 
continuous fine absorbable suture. This pro- 
cedure provides hemostasis, eliminates the re- 
dundancy obscuring other layers, and furnishes a 
layer which can be much more easily inverted 
than one including a greater thickness of intes- 
tinal wall. The posterior muscularis mucosa is 
approximated to the anterior muscularis with a 
layer of interrupted nonabsorbable sutures to 
invert the mucosa. Closure is completed by ap- 
proximation of the anterior seromuscular coat to 











254 Surgery, Gynecology ¢ Obstetrics - February 1960 


the posterior muscular coat in its fused position 
on the pancreas with a layer of interrupted non- 
absorbable sutures. The final step is completed 
with ease, as the normal anterior wall of the 
duodenum can be readily brought over to the 
muscularis. 


CONCLUSIONS 


A method has been described for use in the 
difficult closure of the duodenal stump in layers. 


Intramural dissection of the posterior wall avoids 
injury to important structures. A staggered clos- 
ure permits inversion of uninflamed tissues. Ten- 
sion is avoided, and all layers of the tissue are 
utilized. 
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A METHOD FOR 'THE REMOVAL OF THE 
ADHERENT DISTAL THROMBUS 


ROBERT S. SHAW, M.D., F.A.C.S., Boston, Massachusetts 


IT HAS BEEN AMPLY DEMONSTRATED that success- 
ful embolectomy depends upon an open distal 
arterial tree, and therefore careful attention must 
be given to the removal of distal propagating 
clot, if present. Retrograde flushing from an 
arteriotomy beyond the thrombus has proved to 
be of great value in accomplishing this, and has 
significantly extended the applicability of embo- 
lectomy to late cases and to emboli lodging at 
the bifurcations of the brachial and popliteal 
artery. Between 1 and 2 days after its appear- 
ance, however, distal thrombus begins to become 
adherent to the wall of the vessel and it becomes 
increasingly difficult to remove the clot by flush- 
ing. In larger vessels, clot may readily be re- 
moved by the use of conventional thrombo- 
endarterectomy strippers, but complete removal 
of adherent thrombus from smaller arteries, par- 
ticularly the tibial arteries, still presents a prob- 
lem. A simple instrument, easily constructed in 
the home workshop, which has been used suc- 
cessfully in the removal of adherent thrombus 
below the popliteal artery bifurcation is described 
herein. 

The instrument is shown in Figure 1. It con- 
sists of an 18 inch length of No. 22 surgical 
stainless steel wire with a 1 to 2 millimeter bead 
of silver solder fused to either end to avoid per- 
forating the vessel wall. A helix of about three 
turns is constructed on one end of the wire by 
wrapping it about a 44 inch rod and removing 
the rod. The straight end of the instrument is 
inserted through the needle hole used for retro- 
grade flushing in the distal artery, for example, 
the posterior tibial artery at the ankle, and is 
passed as a probe up the artery and out a proxi- 
mal arteriotomy in the parent vessel. The helical 
portion of the instrument is then screwed into 
the lumen of the vessel through the needle hole 
by rotating the proximal end of the instrument, 
and it is then drawn up the artery and out the 
proximal arteriotomy. The outer diameter of the 
helix is slightly larger than the internal diameter 
of the vessel but the separation of the turns of 

Supported by U. S. Public Health Grant H-633(C8). 


the helix allows the vessel to conform to the 
shape of the helix and thus not be ruptured. 
The smooth wire of the helix in passage effec- 
tively separates the thrombus from the arterial 
wall in the same manner as does a thrombo- 
endarterectomy stripper (Fig. 2). Usually the 
entire clot will be withdrawn with the helix, but 
a second passage may be necessary to remove 
dislodged fragments. Clot can be extracted 
without a distal arterotomy, using the instru- 
ment like a corkscrew. 

An instance of the instrument’s use is pre- 
sented in the following case. 


CASE REPORT 


A 60 year old man suffered an embolus to the bifur- 
cation of the aorta 10 days after a posterior myocardial 
infarction. At operation, 6 hours after embolization 
the saddle embolus was removed with the restoration 
of good femoral pulses but persistence of severe ische- 
mia of the feet. Femoral arteriograms revealed filling 
of both superficial femoral and popliteal arteries but, 
due to the timing of the injection, the distal vessels 
were not demonstrated. Both popliteal arteries were 
explored and pulses were palpable both in them and 
in the proximal tibial arteries that could be felt through 
the incisions. The persistent ischemia of the feet was 
thought to be due to arterial spasm, and this indeed 
was the case in the left leg which 3 days after opera- 
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Fic. 1. Instrument for the removal of adherent distal 
thrombus. 
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Fic. 2. Rounded coils of the wire helix bluntly separate 
thrombus from endothelium as the instrument is drawn 
through the vessel. 


tion was of good color with a palpable posterior tibial 
pulse at the ankle. The right foot, however, failed to 
improve, and 5 days after operation showed deep 
cyanosis of the entire forefoot with beginning ischemic 
extravasation of blood in the dermis in this region. 
There was a temperature level at the malleoli and 
sensation in the toes was lacking. Review of the pre- 
vious arteriogram showed thrombus within the right 
superficial femoral artery with blood flowing around 
it. The right popliteal artery was re-explored on the 
sixth postoperative day. An arteriotomy revealed no 
thrombosis within the popliteal artery itself. There 
was fairly forceful bleeding from the proximal end of 


the artery and slight bleeding from the distal end. 
The posterior tibial artery at the ankle was exposed 
and thrombosis was not present. Retrograde flushing 
and passage of a ureteral catheter and a knotted No. 0) 
chromic catgut tie up the posterior tibial artery failed 
to yield any thrombus. With the instrument described 
a 4 inch length of thrombus was extracted from the 
posterior tibial artery, and with a thromboendarte- 
rectomy stripper, a 4 inch mural thrombus was re- 
moved from the proximal femoral artery. Upon closure 
of all arteriotomies, there was an excellent posterior 
tibial pulse. Warmth and color returned to the fore- 
foot within 24 hours. 

An injury of the digits of the foot resembling frost- 
bite resulted and there was good circulation at the 
base of the toes. The posterior tibial pulse disappeared 
1 month after operation, at which time the patient 
was ambulatory, without change in the popliteal pulse 
or apparent change in the circulation of the foot. At 
the last follow-up visit 5 months after surgery, he had 
returned to work, and pain had disappeared but the 
foot was hyperesthetic. 
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Reviews of New Books 


THE HIGHLY ILLUSTRATED volume Quadri Arteriografici! 
describes the characteristics of contrast medium visuali- 
zation of the arterial system in a variety of pathologic 
processes. A brief history of the application of arteriog- 
raphy highlights the major steps in the present de- 
velopment of the method. The technique of the authors 
is presented in some detail, and the indications and 
contraindications of arteriography are briefly touched 
upon. 

The normal anatomy of the arterial systems of the 
pelvis, upper extremity, and lower extremity are pre- 
sented in the two-dimensional relationship which is 
seen in the usual one-plane roentgenogram. 

The changes in the aortogram and arteriogram 
which are found in the presence of Buerger’s disease, 
arteriosclerosis obliterans, congenital arteriovenous 
fistulas, and the syndrome of Malan are illustrated. 
In these sections, the reproductions of the numerous 
roentgenographic plates are excellent. The anatomic 
location of the various changes is thoroughly described 
to an extent which is, perhaps, not yet so completely 
developed by most roentgenologists. There are several 
interesting roentgenograms which illustrate cases of 
congenital arteriovenous fistulas. 

In general, the illustrations in their clarity of re- 
production and the analysis from the standpoint of 
anatomic completeness establishes a high standard of 
excellence. —Ormand Julian. 


THE SECOND EDITION of The Neurologic Examination,? 
coming so soon after the first, testifies to the soundness 
of planning of the earlier volume and to the continued 
healthy growth of the field of neurology. This is a 
medical discipline which has expanded rapidly in the 
past 10 years after reaching an almost moribund state 
in the postwar period. The development of the science 
of communication and of new apparatus for research 
opened up broad fields of investigation regarding the 
nervous system with the result that a large new anat- 
omy and physiology had grown up. This moved rap- 
idly into the field of normal human behavior, as well 
as that of the abnormal, so that old textbooks had to 


1Quapri ArTERIOGRAFICI. By Edmondo Malan. With the col- 
laboration of G. Tattoni, C. Malchiodi, G. Bounous, and U. 
Ruberti. 124 pages, 81 illustrations. L. 5,000. Torino: Edizioni 
Minerva Medica, 1958. 

*Tue Neurotocic EXAMINATION. Incorporating the Funda- 
mentals of Neuroanatomy and Neurophysiology. By Russell N. 
DeJong, M.D. 2nd ed. 1,078 pages, 368 illustrations. $20.00. 
New York: Hoeber-Harper, Inc., 1958. 
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be revised and more than that, the approach to the 
examination of the nervous system required consider- 
able overhauling. Therefore, with respect for the past 
and with an eye for the future, DeJong prepared the 
first edition. As a teacher of neurology, as a research 
scientist, and as editor of one of the most active jour- 
nals in the field, he was conversant with the advances 
and was in a position to screen out that which would 
be lasting and useful. ‘These data have now been wo- 
ven into this new volume. 

As previously, the basic principle has been followed 
that the examination of the nervous system must per- 
force be based on appreciation of neuroanatomy and 
neurophysiology. New techniques of communicating 
with patients are depicted, whether it be difficulty of 
expressive communication, as in aphasia, or in recep- 
tive communication, as in one of the agnosias. Thus, 
the phenomena of human behavior has been tied up 
with the physiology of the nervous system. In addi- 
tion, procedures have been described involving the 
use of the modern electronic machine which has been 
adapted for human engineering. Heretofore, these 
were exclusively limited to the research laboratory; 
now the author has helped to establish their place in 
the clinical examination. Thus, the electroencephalo- 
graph, the electromyograph, the special devices for 
measuring acoustic function, and others are all well 
described. The heretofore hard-to-understand systems, 
such as extrapyramidal, the reticular formation, are 
now a part of clinical neurophysiology. 

The book is generously illustrated with new photo- 
graphs, and every chapter is documented with a sig- 
nificant, up to date bibliography. Again, while respect 
is given to the past, the originator of a sign or of a 
technique, the interpretation is brought up for current 
evaluation. The names of old, as well as the new, 
contributors are faithfully listed in each reference 
section. 

Out of all of this comes an important contribution 
to American medicine, a book, almost encyclopedic 
in scope, for use in the examination of that all im- 
portant mechanism which gives the human being his 
exclusive quality, the nervous system. Despite the size 
of the tome and detailed contents, it reads easily and, 
therefore, can be used by all, whether it be the sopho- 
more student in neurodiagnosis, the neurophysiologist 
who wishes a clinical frame of reference, the general 
practitioner who would like to understand why he 
does what in examining a patient, or the specialist in 
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the diseases of the nervous system who would like an 
introduction into the profundities of this complex 
communicating mechanism. The second edition is a 
great step forward beyond the excellent, well accepted, 
first edition. — Benjamin Boshes. 


THE PUBLICATION entitled The Contributions of Dr. C. 
C. Guthrie to Vascular Surgery’ is a tribute to a contem- 
porary surgeon who is Emeritus Professor of Physiology 
and Pharmacology at the University of Pittsburgh 
and now of Columbia, Missouri. The major portion 
of the volume is a reprint of Guthrie’s Blood Vessel 
Surgery and Its Application® which was originally pub- 
lished as a section of an international medical mono- 
graph series in 1912. This section is followed by a 
review covering “‘Fifty Years of Vascular Surgery” by 
Bernard Fisher, and finally, there is a short bio- 
graphic sketch of Charles Guthrie. 

As one reads Guthrie’s report he is overwhelmed 
with the tremendous importance of his research ob- 
servations which stemmed from work started in 1900, 
and he is even more impressed as he recognizes that 
these experiments are of greater importance today 
than they were when originally performed. A striking 
example is found in his ““two-headed dog” experiment 
in which the head of one dog was successfully grafted 
to the neck of another. He clearly antedated by many 
years the recent Russian effort which was given a 
rather surprising volume of uninformed press 
coverage. 

The first chapter of this book is a review of the 
early techniques of blood vessel anastomosis dating 
from the reports of Eck in 1879. Alexis Carrel had 
published a clear and simple technique of vascular 
anastomosis in 1902 and with his coming to this coun- 
try he was associated with Guthrie in 1905 at the 
University of Chicago. Together, Carrel and Guthrie 
made great strides in improving techniques of vascular 
anastomoses and their technique for an end-to-side 
anastomosis continues as the standard procedure even 
today. 

In these early works, they noted that blood coagu- 
lated more slowly when in contact with an oil surface 
and thus, the use of oiled silk sutures and paraffin- 
coated cannulas was devised. These same principles 
in the 1950’s made possible the successful performance 
of extracorporeal circulation procedures. 

The efforts of Guthrie and Carrel at brachial, 
cephalic, and carotid artery anastomosis led them to 
the successful use of autogenous vein transplants to 
bridge arterial defects. Other vascular substitutes were 
then tried which included arterial segments preserved 
in saline or under refrigeration and arterial homografts 
fixed in formaldehyde. Later, they utilized arterial 
heterografts from the rabbit aorta and transplanted 
these into the dog’s brachial cephalic and carotid 
artery with success. 

As a result of these early experiments in arterial 
transplantation, it was only natural that they should 


8THe Contrisutions oF Dr. C. C. GutrHrizE To VASCULAR 
Surcery. By Samuel P. Harbison, M.D., and Bernard Fisher, 
M.D. Boop VeEssEL SuRGERY AND Its APPLICATION. By Charles 
Claude Guthrie, M.D., Ph.D. (A Reprint.) 83 pages, 115 illus- 
oe $7.50. Pittsburgh: The University of Pittsburgh Press, 
1959. 


turn to extracorporeal perfusion of isolated organs. 
Their success with isolated perfusions led them to at- 
tempt biologic perfusions with techniques of cross 
circulation. Finally, they transplanted a dog’s head 
into the cervical area of a second animal and function 
remained for more than 5 hours. Early attempts of 
renal, thyroid, parathyroid, ovarian, and extremity 
autotransplantation and homotransplantation are de- 
scribed as well as the effect of cardiac and cardio- 
pulmonary homotransplantation into the dog’s brach- 
iocephalic artery. 

This relatively short volume will be found well 
worth reading by all who are interested in cardio- 
vascular surgery or in tissue transplantation. The 
bibliography is rather extensive and it will, therefore, 
be a valuable source for those writing in these fields, 

— Thomas O. Murphy. 


THE MONOGRAPH entitled Autolyse-Krankheiten in der 
Chirurgie* represents a very interesting attempt to 
bring superficially unrelated diseases under one name. 
This one common denominator is intravital autolysis, 
and the author speaks about autolysis diseases. Such 
diverse conditions as heat and cold damage, lower 
nephron nephrosis (crush syndrome), transfusion re- 
action, and various allergies possess one common 
feature—autolysis. In the first part of the monograph 
these conditions are surveyed and the theoretic founda- 
tion given for each. A very exhaustive bibliography is 
included. The second part of the monograph is dedi- 
cated to experimental studies of the autolysis factor 
in experimentally simulated crush syndrome. The 
evidence for the dominant importance of the autolysis 
is quite convincing. 
This monograph will be read with great interest, 
especially by the student of experimental medicine. 
—Gunars Medins. 


THE COLLABORATIVE WORK of 18 authors, Lokalan- 
aesthesie und Lokalanaesthetika’ is meant to serve the 
anesthesiologist, the surgeon, and the practitioner. 
The text is based upon the international, including 
Russian, literature and the personal experiences of 
the authors. Modern views of the theory of pain are 
thoroughly presented. There is a discussion of the 
various groups of anesthetic agents, including their 
mode of action, pharmacologic effects, indication, 
and toxicity. Numerous pathophysiologic considera- 
tions are outlined. Illustrations are freely used for the 
detailed description of the technique and the hazards 
of an unusually large number of local and regional 
anesthetic procedures; these include anesthesia for 
abdominal and thoracic surgery. One chapter is de- 
voted to the discussion of the therapeutic use of local 
anesthetic drugs. Excellent, up-to-date information is 
given on the theoretic and practical aspects of this 
subject. —WNorbert Schnelle. 


4AUTOLYSE-KRANKHEITEN IN DER CHIRURGIE. Klinische und 
experimentelle Studien zur Pathogenese und Therapie einiger 
akuter, insbesondere posttraumatischer Krankheitsbilder. By 
Priv.-Doz. Dr. Leo Koslowski. Foreword by Prof. Dr. H 
Krauss. 159 pages, 60 illustrations. $4.70. Stuttgart: Georg 
Thieme Verlag, 1959. 

SLOKALANAESTHESIE UND LOKALANAESTHETIKA. Edited by 
Prof. Dr. Hans Killian. 770 pages, 341 illustrations. $36.65. 
Stuttgart: Georg Thieme Verlag, 1959. 
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Tue MONOGRAPH by Professor Gellhorn, Autonomic 
Imbalance and the Hypothalamus,® presents the experi- 
mental basis for a method of testing the relative 
excitability of the sympathetic and parasympathetic 
centers in both experimental animals and in human 
beings. As an objective method for the study of 
problems in neuropsychiatry and medicine, it ranks 
with Pavlov’s work on the conditioned reflex and 
may prove of equal value. Gellhorn states that his 
work had its origin in a clinical observation of 
Funkenstein that the intensity of the hypotensive 
action of mecholyl chloride showed greater variation 
in neuropsychiatric patients than in controls and 
particularly in the fact that this effect of the drug 
changed with the change in the mental condition of 
the patient. Gellhorn took this idea to the laboratory 
and developed it into a method for measuring the 
excitability of the hypothalamus in the intact organ- 
ism through autonomic tests. Since the behavior of 
the autonomic system is much more variable than 
the somatic nervous system in response to a stimulus, 
methods for determining the state of this system 
should be important in both physiology and medicine. 

In his experimental studies, Gellhorn uses the 
blood pressure and heart rate and the sympathetically 
innervated nictitating membrane of the cat as indi- 
cators of the tone of the autonomic system. An altera- 
tion in the balance between the sympathetic and 
parasympathetic systems is produced by changing 
the blood pressure through the action of drugs. When 
a hypotensive drug such as mecholy] chloride, acetyl- 
choline, or histamine is given intravenously, the fall 
in the blood pressure and consequently in the sino- 
aortic pressure calls forth a shift in the autonomic 
balance to the sympathetic side. This is due to 
lessened discharges from the sinoaortic receptors 
which through their reflex action restrain the central 
sympathetic structures. This shift of the autonomic 
balance to the sympathetic side Gellhorn refers to as 
sympathetic tuning. The acceleration of the heart 
rate and the contraction of the nictitating membrane 
which occur as the blood pressure recovers from the 
drug induced hypotension indicate that in this state 


‘AUTONOMIC IMBALANCE AND THE HypoTHALAMus: IMPLICA- 
TIONS FOR Puysiotocy, MeEpicing, PsycHoLocy. By Ernst 
Gellhorn, M.D., Ph.D. 300 pages, 101 illustrations. $8.50. 
Minneapolis: University of Minnesota Press, 1957. 


the central sympathetic discharges are increased. In 
such a state of sympathetic tuning, the autonomic 
system produces a greater response both to reflex and 
direct stimulation than under normal conditions. In 
a similar fashion, parasympathetic tuning is accom- 
plished by raising the blood pressure by the injection 
of noradrenalin. In this state an increased responsive- 
ness to parasympathetically acting stimuli results. 
These findings call to mind the old ideas of 
Eppinger and Hess concerning vagotonia and sym- 
pathicotonia with the important addition, now are 
available objective methods of testing their validity. 
This monograph, beautifully printed, should be read 
by serious students of medicine in many fields and it 
is the author’s hope that his work may result in the 
emergence of new facts and become a seedbed for 
new ideas. — Lester R. Dragstedt. 


For THOSE seeking knowledge concerning congenital 
heart disease and rheumatic fever, the book Heart 
Disease in Infancy and Childhood" is the answer. During 
the past 15 years, an enormous amount of literature 
has been published about all phases of all types of 
congenital heart disease. The authors present care- 
fully compiled reports of their own wealth of informa- 
tion concerning cardiac patients and to this have 
added the filtered and concentrated findings of 
others. 

The book is well organized in that each chapter is 
developed in a similar fashion. The reader can find 
in an instant any particular phase of any cardiac 
lesion of childhood. The book contains 850 pages and 
many appropriate illustrations. To repeat, not only 
those who already are pediatric cardiologists, but 
especially those who are interested in becoming 
pediatric cardiologists, will find this book a superb 
guide. Even those whose interest in this subject is 
secondary will, when necessity demands, find clarifi- 
cation of diagnostic or therapeutic problems. 

Every page is the result of careful work, thoughtful 
analysis, and clear writing. This book is recommended 
as a dependable guide to the problems of heart disease 
in children. — Willis F. Potts. 


THEART Disease IN INFANCY AND CHILDHOOD. By John D. 
Keith, M.D., Richard D. Rowe, M.B., (N.Z.), F.R.C.P. 
(Edin.), and Peter Vlad, M.D. 877 pages, illustrated. $22.50. 
New York: The Macmillan Co., 1958. 
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MoNoGRAPHS OF THE FEDERAL COUNCIL OF THE BRITISH 
MEDICAL AssocIATION IN AusTRALIA. No. 2. Gynaeco- 
mastia. By Peter F. Hall, M.D. 157 pages, 24 illus- 
trations. Sydney: Australasian Medical Publishing 
Co. Ltd., 1959. 


THERAPEUTIC NuTRITION wiTH TuBE FEeEpING. By 
Morton D. Pareira, M.D. 58 pages, 17 illustrations. 
$3.75. Springfield, Ill.: Charles C Thomas, 1959. 

Mopern Mepicat Monocrapus. Edited by oi, 
Wright, M.D., and Richard H. Orr, M.D. The 
Megaloblastic Anemias. By Victor Herbert, M.D. 
162 pages, 4 illustrations. $6.00. New York and Lon- 
don: Grune & Stratton, Inc., 1959. 

MoperNn Mepicat Monocrapus. Edited by Irving S. 
Wright, M.D., and Richard H. Orr, M.D. The Fluids 
of Parenteral Body Cavities. By Paul D. Hoeprich, 
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M.D., and John R. Ward, M.D. 98 pages, 11 illustra- 
tions. $4.75. New York and London: Grune & Strat- 
ton, Inc., 1959. 

HANDBOOK OF CiRrcULATION. Edited by Dorothy S. 
Dittmer and Rudolph M. Grebe. Analysis and com- 
pilation by Philip A. Altman. Prepared under the 
direction of the Committee on the Handbook of Bio- 
logical Data, Division of Biology and Agriculture, 
The National Academy of Sciences, The National 
Research Council. 393 pages, illustrated. $7.50. 
Philadelphia and London: W. B. Saunders Co., 1959. 

Biopsy MANuAL. By James D. Hardy, M.D., James C. 
Griffin, Jr., M.D., and Jorge A. Rodriguez, M.D. 150 
pages, 54 illustrations. $6.50. Philadelphia and Lon- 
don: W. B. Saunders Co., 1959. 

MepicaL Discoverres; WHO AND WHEN. By J. E. 
Schmidt, M.D. 555 pages. $14.75. Springfield, IIl.: 
Charles C Thomas, 1959. 

DisTURBANCES IN GASTROINTESTINAL MoTILitTy; D1AR- 
RHEA, CONSTIPATION, BILIARY DysFuNcTION. Edited 
by J. Alfred Rider, M.D., and Hugo C. Moeller, M.D. 
387 pages, illustrated. $13.00. Springfield, IIl.: 
Charles C Thomas, 1959, 

LECTURES ON THE INTERPRETATION OF PAIN IN OrRTHO- 
PEDIC Practice. By Arthur Steindler, M.D. 733 
pages, illustrated. $18.50. Springfield, Ill.: Charles C. 
Thomas, 1959. 

MONOGRAPHS OF THE FEDERAL COUNCIL OF THE BRITISH 
MEDICAL AsSOCIATION IN AUSTRALIA. No. 2. Gynaeco- 
mastia. By Peter Hall, M.D. 157 pages, illustrated. 
Sydney: Australasian Medical Publishing Co. Ltd., 
1959. 

METABOLIC CARE OF THE SURGICAL PATIENT. By Francis 
D. Moore, M.D. 1011 pages, illustrated. $20.00. 
Philadelphia and London: W. B. Saunders Co., 1959. 

ANGIOLOGIE; PATHOLOGIE, KLINIK UND THERAPIE DER 
PERIPHEREN DURCHBLUTUNGSSTORUNGEN. By Prof. Dr. 
Max Ratschow, F.A.C.S. 831 pages, 373 illustrations. 
$41.45. Stuttgart: Georg Thieme Verlag, 1959. 

Tre SurcicAL TREATMENT OF Sco.iosis. By Louis A. 
Goldstein, M.D., F.A.C.S. Appendix, Anesthesia in 
Scoliosis. By D. Vernon Thomas, M.B., F.F.A.R.C.S. 
116 pages, illustrated. $6.75. Springfield, Ill.: Charles 
C Thomas, 1959. 

Tue PuysIicIAN AND THE Law. By Rowland H. Long. 
2nd ed. 302 pages. $5.95. New York: Appleton- 
Century-Crofts, Inc., 1959. 

CitnicAL NEUROSURGERY: PROCEEDINGS OF THE COoN- 
GRESs OF NEUROLOGICAL SuRGEONS. San Francisco, 
California 1958. 289 pages, illustrated. $11.00. Balti- 
more: The Williams & Wilkins Co., 1959. 

KLINIK UND PRAXIS DER UROLOGIE; KLINIK, INDIKATION, 
DIAGNOSTIK OPERATIVE UND INSTRUMENTELLE EIN- 
GRIFFE NACHBEHANDLUNG. By Prof. Dr. Werner 
Staehler. Vol. II. 1755 pages, illustrated. $57.15. 
Stuttgart: George Thieme Verlag, 1959. 

ATLAS OF ROENTGENOGRAPHIC Positions. By Vinita 
Merrill. Vol. I, pp. 1-292; Vol. II, pp. 293-664. 2nd 
ed. Illustrated. $32.50. St. Louis: The C. V. Mosby 
Co., 1959. 

SEXUAL IMPOTENCE IN THE MALE. By Leonard Paul 
Wershub, M.D. 126 pages, illustrated. $5.75. Spring- 
field, Ill.: Charles C Thomas, 1959. 

ScHIFFERES’ Famity Mepicat Encyctopepta. By Justus 
J. Schifferes, Ph.D. 619 pages, illustrated. $.50. New 
York: Permabooks, 1959, 


Tue TrrumMpH oF Surcery. By Jiirgen Thorwald 
Translated by Richard and Clara Winston. 454 pages, 
illustrated. $6.50. New York: Pantheon Books, Inc, 
1960. : 

PuysIOLOGY OF THE EyYE; CLINICAL APPLICATION. By 
Francis Heed Adler, M.D. 3rd ed. 790 pages, 372 
illustrations, 2 in color. $16.00. St. Louis: The C, y, 
Mosby Co., 1959. 

CuinicaL APPLICATIONS OF DIAGNOSTIC AND THERA- 
peutic Nerve Biocks. By John J. Bonica, M.D. 354 
pages, 45 illustrations. $8.75. Springfield, Ill.: Charles 
C Thomas, 1959. 

O RAMO EXTERNO DO NERVO LARINGEO SUPERIOR; SUAS 
RELAGOES COM O PEDICULO TIREOIDEO SUPERIOR. By 
Eurys Maia Dallalana. 102 pages, illustrated. Rio de 
Janeiro, Brazil. 

Tue PuystococicaL Basis or Diuretic THERAPY, By 
Robert F. Pitts, M.D. 332 pages, illustrated. $9.75, 
Springfield, Ill.: Charles C Thomas, 1959. 

Rapio.ocic EXAMINATION OF THE SMALL INTEsTINE. By 
Ross Golden, M.D. 2nd ed. 560 pages, 176 illustra- 
tions. $28.50. Springfield, Ill.: Charles C Thomas, 
1959. 

ARTERIAL EMBOLISM IN THE Limss. The Clinical Problem 
and Its Anatomical Basis. By A. L. Jacobs, M.A, 
D.M. (Oxon.). 200 pages, illustrated. $8.00. Edin- 
burgh and London: E. & S. Livingstone Ltd., 1959, 
Baltimore: The Williams & Wilkins Co., exclusive 
U. S. agents. 

KLINISCHE CHIRURGIE FUER DIE PRAXIS IN VIER BAENDEN. 
By Prof. Dr. med. O. Diebold, Prof. Dr. med. H, 
Junghanns, Prof. Dr. med. L. Zukschwerdt. Vol. I. 
184 pages, 90 illustrations. $8.60. Stuttgart: Georg 
Thieme Verlag, 1959. 

LE LARYNGOLOGISTE ET LES DONNEES ACTUELLES DU 
TRAITEMENT DES INSUFFISANCES RESPIRATOIRES AIGUES. 
By Paul Aboulker with the collaboration of J. Lissac 
and QO. Saint-Paul. 508 pages, illustrated. Paris: 
Librairie Arnette, 1959. 

DISEASES OF THE NosE, THROAT, AND EAR; A HANDBOOK 
FOR STUDENTS AND PRACTITIONERS. By L. Simson Hall, 
M.B. 7th ed. 467 pages, illustrated. $5.00. Edinburgh 
and London: E. & S. Livingstone Ltd., 1959. Balti- 
more: The Williams & Wilkins Co., exclusive U. S. 
agents. 

THe AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS; 
INSTRUCTIONAL Course Lectures. Edited by Fred C. 
Reynolds, M.D. Vol. XVI. 335 pages, illustrated. 
$16.00. St. Louis: The C. V. Mosby Co., 1959. 

AuTOGENOUS VEIN GRAFTS AND RELATED ASPECTS OF 
PERIPHERAL ARTERIAL DisEAsE. By W. Andrew Dale, 
M.D. 123 pages, illustrated. $6.00. Springfield, IIL: 
Charles C Thomas, 1959. 

Noras_eE Names IN MEDICINE AND SuRGERY. By Hamil- 
ton Bailey, F.R.C.S. (Eng.), and W. J. Bishop, F.L.A. 
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Springfield, Ill.: Charles C Thomas, 1959. 
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Experimental Production of Phlebothrombosis.—Hector M. Marin and Mario Stefanini. ti 
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